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CHAPTER XVII 



n 

ERECTING SHOP WORK — CLEANING AND REPAIR- 
ING TRIPLE VALVES. 



Triple valves are made in a variety of styles 
and sizes, depending on the service for which 
they are designed, and are designated by a 
'^iate number*' which is cast on the triple body. 
The Westinghouse triple valves in general use 
are as follows, and should not be used other 
than as specified : 



Equfimieoti. 



Chn of Service. 



Drirer 
Bnke 



\ 



Tender. 



Ckr 



Afl LooomotiveB, with 
or without Truck 

Brake or Highspeed 
Attachments 

Ruwnger^Eogine Ten- 
ders 

Freight and Switch- 
Engine Tenders 

Passenger Cub. 

Freight CkrB 



Diameter Approxlnate Lidit 



of 

PvUndecB 
Inches. 



Weights for Cyihider 
Siies Specified. 
Pounds. 



8 
10 
12 
14 
16 

8 
10 
12 

8 
10 
12 

8 
10 
12 
14 
16 

6 

8 

10 



to 40,000 

40.000 to 85.000 

70.000 to 115,000 

110,000 to 170.000 

145.000 to 225.000 

15.000 to ao.ooo 

».000to 47.000 
47.000 to 68.000 

15.000 to 30.000 
30,000 to 47.000 
47.000 to 68.000 



15.000 to 
30.000 to 
47.000 to 
68.000 to 
92.000 to 



30.000 
47.000 
68.000 
02.000 



... to 15.000 
15.000 to 40.000 
40.000 to 



Style 

of 
Triple 
Valve 



H24 
H24 
F46 
F46 
F46 

F36 
F27 
F29 

G24 
G24 
F25 

F27 
F27 
F29 
F29 
F29 

F36 
F36 
H49 



Auxiliaiy 

Reiervoir. 

Incbea. 



10x33 
12x33 
14x33 
16x33 
16x42 

10x24 
12x83 
14x33 

10x24 
12x33 
14x33 

10x24 
12x33 
14x33 
16x33 
16x42 

Standard 

Oast-iron 

Reservoir. 



For a full description of the construction and 
operation of these various forms of triple valves 
the reader is referred to the volume of The 
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Science of Railways devoted to the air brake. 
In this same volume will be found a full 
description of the diseases with which triple 
valves are affected and the cures for the 
same. Before attempting to do work of any 
description on triple valves, the machinist 
should thoroughly inform himself on the subject 
matter referred to above. 

In the following pages the methods to be 
pursued in cleaning and repairing triple valves 
will be taken up. These valves should be 
cleaned at least once in six months and, when 
possible, should be removed and sent to the 
repair room for this work, placing a repaired 
and cleaned valve in place. A defective triple 
valve should always he replaced by one in perfect 
condition, the defective one to have a tag aflixed 
stating for what reason it was removed, before 
being sent to the repair room . 

In roundhouse work, for various reasons, it 
is not always possible to con.j ly 'v^ith the above 
instructions, hence we will first take up the 
cleaning of a driver brake triple valve in posi- 
tion. 

The triple valve should be cut out and the 
auxiliary reservoir bled. Referring to Fig. 1, 
the graduating stem nut 10 should be loosened 
before the cylinder cap 3 is removed. If this 
is done it will probably save a trip to a vise or 
the replacing of the cap. Remove the cylinder 
cap and withdraw the piston 5 and slide valve 
6, placing them in a can of kerosene to loosen 
up the dirt and gum. Then wipe out the 
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cylinder and slide valve bushing with a piece 
of cloth. Do not use waste, as small pieces are 
liable to get into the ports and cause trouble. 
Clean out the feed groove with a hard-wood 
stick. Next examine the condition of the 
graduating stem 8, graduating spring 9, and 



graduating stem nut 10. The nut should be 
thoroughly cleaned out, as from its position 
the dirt and rust tend to accumulate in it, and 
this accumulation will cause the graduating 
stem to stick. Examine the graduating spring 
and if it is not of standard length as specified 
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by the air-brake company it should be renewed. 
The standard springs for the F25, F46, G24 and 
H24 plain triple valves consist of 12 coils, 2^ 
inches free height. The graduating stem should 
be cleaned and should be tested to see that it 
works free in the graduating stem nut. Ex- 
amine the cylinder cap gasket, and if in good 
condition it should be cleaned by rubbing 
briskly with a piece of cloth. Do not scrape 
it with a sharp- tool. 

The piston should be removed from the 
kerosene and the packing ring worked around 
in the piston until all dirt is worked out of 
the groove. In doing this be careful not to 
spring the ring. Wipe off all kerosene and oil 
the ring with a few drops of engine oil, also the 
slide valve, and place the piston in the cylinder 
and work it back and forth a few times, after 
which remove it arid thoroughly clean again. 
Place a few drops of oil on the piston, slide 
valve and cylinder, place in position and bolt 
up the cylinder cap. Then place the graduat- 
ing stem and spring in place and tighten the 
graduating nut. 

The triple should now be cut in and the 
brake applied several times in service and 
emergency, and all joints, as well as the exhaust 
port, tested for leaks. 

The same methods should be pursued if it 
is necessary to clean a tender triple valve in 
position, and no work other than above de- 
scribed should be attempted on valves in 
position. 
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Repair Room Cleaning, Repairing and Testing. 

As was before stated all triple valves re- 
moved should have a tag affixed stating the 
defect for which the valve was removed. As 
these tags will sometimes become detached, and 
also as a check on the men making the removals, 
all triples coming to the repair room should be 
placed on the testing rack and any defects 
noted. In general, this test should be made 
in about the following manner : 

When air is turned on for charging, if there is 
no leak from the exhaust port, the time required 
to charge the auxiliary reservoir should be 
noted. With a constant train-pipe pressure of 
90 pounds, the p axillary reservoir should charge 
to 70 pounds a 55 seconds, and it should not 
take less tl^'^.n 45 seconds nor more than 60 
seconds. U it takes less than 45 seconds it 
indicates that either the feed groove has been 
enlaTt;sd, or there is a defective piston packing 
rns; and a poor fit of the piston against the end 
ct Lhe slide valve bushing. If it charges too 
i jw it indicates that the feed ports are clogged 
up. 

When a slight leakage at the exhaust port 
commences with the charging and increases 
as the auxiliary reservoir accumulates pressure, 
a leak from the auxiliary reservoir would be 
indicated, and this would, of course, affect the 
time required for charging. If a very gradual 
but steady reduction in the train pipe pressure 
be made, a leak from the auxiliary reservoir will 
retard or prevent the application of the brake, 
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but if the leak is from the train pipe side of the 
triple valve it will hasten the application of 
the brake. If the triple makes a good joint 
where it is fastened to the rack, it is evident 
that the slide valve is causing the leak from 
the auxiliary reservoir. If the leakage is from 
the train pipe it may be either passing by the 
emergency valve or the joint between the large 
and small openings in the check valve case 
gasket. 

When a triple valve is reported as leaking 
at the exhaust port, but shows no leak when 
tested on the rack, it is evident that the trouble 
was not with the valve, but might have been 
caused by a leaky gasket between the triple 
valve and the brake cylinder head if a passenger 
triple, or if a freight triple valve the leak might 
have been in the gasket between the valve and 
the auxiliary reservoir, or a leak in the tube 
running through the auxiliary reservoir from 
the valve to the brake cylinder. 

With the brake fully charged, make a five- 
pound reduction, place the valve handle on lap 
and observe if the brake cylinder pressure 
continues to increase, or if the triple valve 
releases. Should the triple valve release, or 
continue to increase the brake cylinder pres- 
sure, it indicates that probably the graduating 
valve is leaking. However, should a blow com- 
mence at the exhaust port following the light 
reduction, it is probably caused by a leaky slide 
valve and may cause the valve to release. If 
it fails to release, the train pipe be ins abso- 
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lutely tight, such failure to release would prob- 
ably be caused by the small volume of the train 
pipe together with leakage past the triple 
piston packing ring. 

The next test should be made by emptying 
the train pipe and leaving it open. Shoulc 
the triple valve develop a leak at the exhaust 
port, it is probably due to the slide valve being 
raised up at the back end on the shoulder left 
on the seat by the short travel in the ordinary 
service applications. Suppose no leak shows 
at the exhaust port, and it is known that the 
brake cylinder is tight, observe if there is any 
decrease in the brake cylinder pressure, and 
whether there is a discharge of air from the 
open train pipe. If there is, there is back 
leakage either by the check valve or triple 
piston, or both. The leakage past the piston 
should be prevented by the packing ring and 
also by the joint the piston makes on the 
cylinder cap gasket. 

Whenever after an emergency application 
and release, or even following a release pre- 
ceded by an excessive service reduction, an 
exceptionally heavy blow conmaences at the 
exhaust port, but the brake does not release, 
this is generally due to the emergency and 
checlc valves sticking together, or the emer- 
gency piston being held in its lowest position 
by reason of a bent emergency valve stem. 

A bent triple piston stem will hold the slide 
valve off its seat, thus causing a leak at the ex- 
haust port. It is generally caused by loosening 
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the nuts on the cylinder cap while there is 
pressure in the auxiliary reservoir, or by a 
cylinder cap gasket of uneven thickness. 

With the plain triple valve, a leaky slide 
valve or graduating valve will have the same 
effects as above described, and will be located 
in the same manner. The old E22 valves, 
having a four way cock in the body, are fast 
becoming obsolete, and a majority of the ones 
remaining in service have this cock so fixed 
that it cannot be operated, so that they are 
practically identical with the improved forms 
of plain triple valves. However, with valves 
having this four way cock, a leak past it would 
have the same effect as a leaky emergency 
valve. The best way to test this cock is to 
cut out the brake and bleed the auxiliary 
reservoir. Take down the cylinder cap and 
put on a leather gasket that will close the sup- 
ply port, and put the cap back with the port 
closed. Then cut the brake in. If the cock 
leaks the valve will blow at the exhaust port. 
In making this test the triple piston should 
be in release position and the brake cylinder 
connection should be plugged. With the plain 
triple a well fitting piston packing ring is as 
essential as with the quick action type. 

MAKING REPAIRS. 

The triple valve. Fig. 2, should be taken 
apart and all parts, except the gaskets and 
rubber seated valve, should be placed in a bath 
of kerosene, taking care not to mix the parts 
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of different valves. The kerosene will soften 
the dirt and ^urfi which will make the parts 
quite easy to clean. The valve body should be 
secured to the bench in a manner most con- 
venient for the workman. Fig. 3 shows a tool 



for holding the triple valve in a vise, by means 
of which the valve can be rotated, and also 
raised and lowered to the most convenient 
position. 
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Slide Valve. In the absence of special tools 
for facing the slide valve seat, it may best be 
brought to a true surface by filing down the 
high spots, using a file having straight faces, 
and also safe edges, so as not to cut into the 
sides of the bushing. After filing, the seat 
should be brought to a perfect plane by using 
a long, narrow, face plate, as shown in Fig. 4, 
and scraper. The slide valve should then be 
scraped to a perfect bearing with an accurate 
face plate. Tnen the valve and seat should be 
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Fig: 5^ 

ground together, stopping the instant a good 
bearinj^: is secured. 1 his grinding should pref- 
erably be done with oil only, but if grinding 
material is used, it should be of the finest grade 
of Trojan compound or powdered piunice stone. 
Fig. 5 shows a tool for moving the slide valve 
back and forth while grinding, the hook on the 
end taking the place of the slide valve spring 
on the pin across the valve so as to evenly dis- 
tribute the pressure on the valve. The edges 
of the valve seat at a and 6, Fig. 6, should be 
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scraped lower than the balance of the seat. 
Some workmen report good success in facing 
the sUde valve by grinding it down on a flat 
block of lead charged with grinding material. 
Emery should never be used on any of the parts 
of a triple valve, as it beds itself in the brass 
and cannot be entirely gotten rid of. If the 
exhaust cavity in the slide valve becomes too 
shallow, the valve should be thrown away and 
a new one fitted. The round-faced valve and 
seat may be brought to a bearing together by 
using a round-nosed scraper and a little grinding. 




Fig. 6 

Graduating Valve. The seat for the graduat- 
ing valve in the slide valve should never be 
reamed unless absolutely necessary. The valve 
should be ground to a perfect joint and should 
be tested for straightness, and also for length. 
If the hole in the head for the graduating pin 
should be badly worn, the valve should be dis- 
carded, but it should be remembered that a 
small amount of lost motion at this point is 
necessary. The graduating pin should be ex- 
amined to see that it is not loose, and if neces- 
sary to put in a new pin it should be soldered 
in place and should stand at right angles to the 
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fiat part of the piston stem. In case the seat 
has been reamed so that a new graduating 
valve is too short, the slide valve should be 
scrapped. 

Piston Packing Rings. Rags saturated with 
kerosene should be used to clean the triple 
cylinder. The feed grooves should be thor- 
oughly cleaned, care being used to see that 
they are not enlarged. The triple piston 
should be placed on centers in a lathe to de- 
termine whether the stem is bent or not, and 
if foimd bent it should be carefully straight- 
ened. A convenient tool for testing the truth 
of triple pistons is shown in Fig. 7, and needs 
no further description. The distance from the 
face of the piston to the end of the knob on the 
rod should be gauged to determine if it is stand- 
ard . The packing ring should never be re- 
moved unless it is to be destroyed. This ring 
should be a neat fit in the groove and the ends 
where cut should not be more than 1-64 inch 
apart when the piston is in the cylinder. The 
cylinder bushing should be true and without 
more than a barely perceptible shoulder in it. 
If a triple valve needs a new bushing, it should 
be sent to the manufacturers for repairs. In 
fitting new packing rings the repair man should 
bear in mind that nothing short of perfection 
will answer, as a poorly fitting packing ring 
will result in "stuck brakes," with all the at- 
tendant evils of such. The joint the ring 
makes with the cyUnder should be such that no 
air can pass the piston except when it is in the 
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release position, and then only through the 
feed groove. As the rings are turned larger 
than the cylinder they are to go into, it will be 
'found that when filed open the requisite amount 
to let them enter the cyUnder and have the 
ends meet, there will be no bearing for some 
distance back from each point, the ring not being 
a true circle when closed. Now, if the points 
should be eased off until a full bearing is had, 
the ends will not come together. To over- 





Fig. 7 

come this, before entering the ring into the 
groove it should be filed open until when placed 
in the cylinder the ends overlap the amount 
the ring will open during the process of fitting 
it to the cylinder. The high spots should be 
reduced by scraping carefully, rubbing the 
ring back and forth in the cylinder frequently 
to show where the bearing is too heavy. It 
should be understood that the bearing of the 
ring opposite the cut is not to be touched, the 
high spots near the ends of the ring only to be 
reduced. This fitting should be continued until 
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the ring shows a bearing around the entire 
circumference. The ends of the ring should 
now be filed until they just touch when the 
ring is in the cylinder. Now place the ring 
carefully in the groove, entering it from the 
thin side of the piston. If it is found that 
more must be filed from the ends of the ring in 
order that the piston may enter the cylinder, 
do so by raising one of the points so that a 
piece of tin may be slipped between it and the 
piston, leaving the other end depressed. How- 
ever, it should be necessary to use some force 
in entering the piston into the cyhnder, as this 
will spring the ring to a better fit and it can 
thus be more quickly brought to a perfect 
bearing by grinding. The piston should be 
well oiled and worked back and forth until a 
perfect bearing between the ring and cylinder 
is obtained. Various forms of grinding ma- 
chines are in use, one of which is shown in Fig. 
8. Some form of a grinding machine is abso- 
lutely necessary if any quantity of this work 
is to be turned out. After the ring is brought 
to a perfect bearing, the piston should be placed 
under a press and the groove closed on the 
ring until you can just move the ring freely 
with the thumb nail. Fig. 9 shows a tool for 
holding the packing ring while filing the ends 
open. The diameter at A should be 1-16 inch 
larger than the bore of the packing ring, so 
that when the ring is sprung on, the ends will 
stand open enough to allow filing. The height 
B of the step should be enough less than the 



thickness of the ring, so that it will be held 
firmly when clamped in the vise. The groove 
across the pieces should be on an angle of 45°, 
about 5 inch deep and g inch wide. A dowel 
pin should be so placed that the two pieces will 
be held in line. This tool should be made of 
steel and hardened. The tool shown in Fig. 
10 is to fasten on the knob of the piston rod 



Fig. 8 

to move the piston back and forth in the cyhn- 
der when fitting the packing ring. 

A number of railwaj-s make it a practice to 
send all triple valves requiring new packing 
rings to the manufacturers for repairs, claim- 
ing that this work can thus be done much 
better and cheaper. 

Graduating Stem and Nut. The graduating 
stem should be gauged to see that the end of 
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the stem projects beyond the face of the cylin- 
der cap the standard distance, and that the stem 
is not bent. The graduating stem nut should 
be thoroughly cleaned out, using a special 
reamer for this purpose, as the rust and dirt 
accumulate in tms nut and such accumulation 
will cause the graduating stem to stick. The 
graduating springs should be examined and 
any not of standard length as prescribed by 
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Figl 9 

the brake companies should be discarded, a 
new one being applied. These springs for the 
various Westinghouse triple valves are as 
follows : 

Plain triple valves F25, F46, G24 and H24, 
12 coils, 2J inches free height. 

Passenger triples F27 and F29, 13^ coils, 
2f inches free height. 
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Freight triples F36 and H49, 16 coils, 2| 
inches free height. 

Care should be taken that these springs are 
not used other than as specified. 

The graduating stem should be cleaned, and 
it should be seen that the stem works free in 
the graduating stem nut, as this is very im- 
portant. 

The condition of the cylinder cap gasket 
should be noted, as by the use of a poor 
grade of oil these gaskets are quite frequently 
rotted out. As the thickness of this gasket is 



Fig. 10 

important, ''home-made'' gaskets should never 
be used. The gasket should be cleaned by 
rubbing briskly with a piece of cloth; do not 
scrape it with a sharp tool. The triple body 
is now ready for the cylinder cap, but before 
assembling the body and cap should be thor- 
oughly blown out. 

Emergency Piston. — ^Usually sufficient at- 
tention is not paid to the condition of the 
emergency parts of the triple, as is shown by 
their condition. The emergency valve piston 
bushing should be examined as to its tightness 
in the body, as these come loose not infrequently. 
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The piston should be free in the cylinder, and 
the stem of the piston should fit the hole in 
the emergency valve seat so that it will act as 
a guide and not allow the piston to cock. The 
hole in the piston for the emergency valve stem 
should be gauged to see that it is the correct 
size and depth. 

Emergency Valve. — The condition of the emer- 
gency valve seat should be examined, and if 
the seat is in any way distorted it should be 
renewed. In taking valves apart the emer- 
gency valve seat sometimes sticks firmly to the 
check valve case when the latter is removed. 
When this happens, it may generally be re- 
moved by holding the case in one hand and by 
striking sharp blows around the bearing face 
just outside the emergency valve seat; the jar, 
together with the pressure of the check valve 
spring, will cause the seat to loosen. A wood 
mallet or soft hanuner should be used. Any 
roughness on either piece which may have caused 
this sticking should be removed. In case the 
emergency valve seat remains in the triple valve 
body and is difficult to remove, use a tool, as 
shown in Fig. 11. The rubber seats for the 
emergency valves generally require renewing 
whenever the valve is overhauled, and for this 
use only pure rubber seats of standard thick- 
ness. The emergency valve stem should be 
tested with a tool similar to that shown in 
Fig. 12, to see that the stem is true with the 
body of the valve. It should also be tested to 
see that the stem is the correct length, and that 



it works free in the emergency valve piston and 
in the check valve. The check valve spring 
should be examined to see that it is standard 
length and a new one used, if necessary. Do 




Fig. 11 

not attempt to lengthen it by pulling out the 
coils. 

Check Valves. — The check valve should be 
absolutely tight on its seat, and, if necessary, 
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the seat should be renewed or reamed. A 
reamer for this purpose is shown in Fig. 13. 
With old valves having cast-iron seats worn 
down below the limit, the check valve case 
should be bored out and a brass seat put in. In 
doing this it must be remembered that this 
seat must make an air tight joint with the 
check valve case, and when in place should be 
standard. The check valve should be ground 
to a good joint. 



4S^ 





Fig. 12 

Check Valve Case Gasket, — Generally speaking 
it will be better and cheaper in the long run to 
renew the check valve case gasket than to use 
the old one again, as it is only a question of 
time when the old gasket will blow out. 

Assembling. — Before a,psembling the valve 
it should be thoroughly blown out. All bolts 
and nuts should be examined to see that they 
are not cracked, and that the threads are in 
good condition. Before applying gaskets the 
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parts they come in contact with should be 
thoroughly cleaned, and if graphite is used on 
the face of the gaskets there will be no trouble 
with their sticking when the valve is next 




Fig. 13 

taken apart. Difficulty is sometimes experi- 
enced in getting the check valve case to draw 
up close to the valve body on account of the 
recess in which the emergency valve seat rests 
not being properly cleaned out so that the seat 
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will fully enter. In applying the check valve 
case, hold it firmly to its seat until both cap 
screws have been brought to a bearing-, and 
then draw them up with a wrench as uniformly 
as possible in order to prevent the cocking of 
the case. No oil or grease of any kind should be 
used on the emergency parts. 

New York Triple Valves. To dismantle a 
New York quick action tripfe valve proceed as 
follows (see Fig. 14). 

Remove the three front cap bolts 135 and 
then the front cap 126, being careful not to 
destroy the front cap gasket 134. Next re- 
move the vent valve seat 130, to which is 
attached the vent valve piston 129. Then 
remove the two piston stop screws (not shown 
in the cut), the piston stop 142, and remove 
the vent valve piston and place in the kerosene 
tank. Next remove the main piston 128, to 
which the exhaust and graduating valves are 
attached, placing it in the kerosene. Next 
remove the quick action valve cap 141, take 
out the quick action valve 138 and note its 
condition. The rubber seat 20 generally needs 
renewing. Next remove the check valve cap 
119, and examine the check valve 117 and 
its seat. This valve must be perfectly tight 
and should be ground in if necessary. Next 
examine the vent valve 131 and renew the 
rubber seat 20 if needed. This seat needs 
renewing very often, as from the construction 
the pressure of the spring is greater on the 
bottom part of the seat than on the lop, which 



vety soon distorts the seat. Next remove the 
side cap 127 and the quick action valve 
piston 137. The piston and cylinder should 
be thoroughly cleaned before replacing. The 
valve body and all ports should be thoroughly 
cleaned out by means of an air blast, and the 
main piston cylinder wiped out with rags, paying 
particular attention to the feed groove B. The 
small port F in the vent piston 129 should be 
cleaned out, using care that the size of the port 



Fig. 14 

is not increased, as on this port depends the 
quick action feature of the valve. The plug 
in the end of the vent piston should not be 
removed except to fit a new vent piston packing 
ring 45. This packing ring should be fitted, 
when necessary, in exactly the same manner 
as was described for fitting the packing ring in 
the Westinghouse triple, and after fitting, the 
plug should be replaced, for if it is left out it will 
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destroy the quick action feature of the valve. 
The same instructions as were given for the 
Westin«:house valves apply as to the fitting of 
the main piston packing ring 3 and the 
facing of the exhaust valve 38 and the 
graduating valve 49. If the exhaust valve 
38 is removed from the stem, be careful in 
replacing it that the long shoulder of the 
valve is placed next to the graduating valve 49. 
This is very important as the exhaust cavity in 
the valve is not in the center of the valve length, 
and if the valve is placed in position incorrectly, 
the brake cylinder will always be in communi- 
cation with the atmosphere and it would be 
impossible to set the brake. The main cylinder 
gasket should not be scraped but it should be 
well cleaned. The vent valve piston should be 
tested to see that the stem is true, after which 
it should be placed in the seat and secured by 
applying the stop 142 and securing the two 
stop screws firmly. 

In assembling the valve a few drops of good 
oil should be applied to the graduating valve, 
exhaust valve, and on the packing rings in the 
main piston and vent valve piston, and the 
surface of the cylinders sparingly oiled. Place 
the main piston and valves in position; then 
place the vent valve piston and seat in position 
and bolt on the front cap. Replace the quick 
action valve and cap, then the quick action 
valve piston, observing that the piston moves 
freely. Replace the check valve and cap, and 
the valve is ready for the testing rack. 



Fig.l 

Test Rack. 



Fig. 2 

Test Rack (Plain V[ew). 

LIST OF PARTa 
3, Triple Valre Stand; 3, Brake Pipe Clamping Device (see also 
Fijt. 3}; 4, Brake Valve with Oraduating Disc Valve; .1. Differen- 
tial Valve; 6, Variable Choke Valve; 7, Combination Cock 6 and 
Quick Opening Valve; 8, Dummy Cylinder and Reservoir; 9, 
i'i26" Hose with two threaded Nipplea for %' Pipe; 10, %" 
Cut-out Cocks; II, IT/i" Extension Handle for Out-out Cock; 
12, 20^6" Extension Handle for Cut-out Cock; 13, %" Cut-out 
Cock nith Bide vent; 14, M" Cut-out Coek with side vent; 15, 
Assembling Plate; IB, Bracket for Cork Tester; 17, Reduction 
Measuring Reservoir; 18, Main Reservoir; 19, 10"i24' Reservoir- 
20. Dupkx Air Gauge; 21, C-6 Single Pressure Peed Valve 22 
%" Cut-out Cock; 23, H" Cut-out Cock; 24, H" Cut-out Cock; 
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2S, (4- Reservoir Dmio Tock; 26, %" Reservoir Drain Cock; 
27, 14" Cut-out Cock; 28, Duplei Air Gauge. 

Fig. i shows diagrammali rally the parts eomprising the Triple 
Va}ve Test Rack. The letters and nambere shown on this cut are 
tbe ones hereinafter referred to. 

Mottntiag Triple Valcfa 

Teaiinj/.^With tbe 

e valve gasket ap- 

I to tbe triple valve 

;e. place the latter 

ast the testing stand 

vertical position and 

cock X (Pig. 4). 

If the triple valve 

to be tealcd is of 

the pipeless type, 

open cock Y. If it 

is of the type ar- 

ed for pipe connec- 

I, (-onDcct the brake 

to Ibe triple with 



I, thei 






■M-k Z. 



Fig. 3 One of the 

Brake Pipe Clamplns Device. t^^o octs must always 

he doHcd and the other 
open nhile the triple valve in on the stand for test. 

The shoe attached to the hook f)ortion of the hose clamping 
device is for use only when testing other than Westinghouse triple 
valves. It is very important that the shoe always l>c used when 
testing such triples, as a failure to do so ivill prevent the clsmp 
hook coming in contact with the check valve case, causing all 
the strain of forcing tbe hose gasket against the brake pipe con- 
nections of tbe triple valve to be imposed on tbe clamp stand, 
tending to distort or break it. 

Pour triple vali-e stand face plates are required for each test 
rack to permit the testing of all tyjies of triple valves. 

Plate No. 1 is used for triple valves which have a bolted flange. 
Tit: HI (F-36), P-1 (F-27). K-I. LI, MI and R-1 triple vnlves. 
Plate N"o. 2 is for triple vah^. including H-2 (H 49). P 2 rF-29), 
K-2. I.-3. M-2 and B2. Plate No. .1 is for LS and R-3 triple 
valves only. Plate No. 4 is for plain triple valves supported upon 
a pipe nipple and for safety valves, also, for testing the triple 
valve test rack. 

If it is found necessary to repeat any test which has necessitated 
a reduction of auxiliary reservoir pressure, valve B may be moved 
to position No. 2. which provides a by-pass aronnd the triple valve 
from the brake pipe to the auxiliary reservoir, thereby permitting 
n quick recharge. 



By keeping tlic stufliug box nut Ktiltkicntlf tight tbe spring of 
lever D mill bold the lever in huj |M»Hition on its quadrant, thereby 
preventing any leakages at the slufiing box in the boUvui of Ihc 
differential valve. 

Tral Ko. l.—Chargi»ff Teat for all Triple rallies.— With corks 2, 
3, 7, and 9 open, ail other numl^ered eocka closed, valve B in 
position No. 3 (l-ap), valve A in posilioo No. 1, auxiliary reser- 
voir empty and main reservoir pressure 80 lbs., proceed as follons: 




tilj 



TRIPLE VALVES, 3SQa 

Close cock 7 and open cock 1, and note, with brake pipe pressure 
maintained at 80 lbs., the time required by the various triple valves 
to charge the auxiliary reservoir to the pressure given in the table 
below. 

If, during this test or test No. 2, any considerable leakage is 
discovered, the charging test must be repeated. 



TIME LIMITS FOB CHARGING WITH DIFFERENT TYPES 
OP WESTINGHOUSE TRIPLE VALVES. 

Time in seconds Time in seconds 

to Charge Auxiliary to Charge Auxiliary 



Type of 


Reservoir from 


Reservoir from 


Triple Valve 


to 30 lbs. 


to 70 lbs. 


P.24 


13 to 


17 


34 to 44 


G-24 


13 to 


17 


34 to 44 


F-2o 






16 to 25 


F-1 


13 to 


17 


34 to 44 


F-2 






16 to 25 


H-l (F36) 


21 to 


28 


58 to 78 


H-2 (H-49) 


13 to 


17 


34 to 44 


P-1 (F-27) 


13 to 


17 


34 to 44 


P-2 (F'29) 






16 to 25 


Ml 




• 


16 to 20 


M-2-A 






12 to 15 


R-1 






18 to 22 


R-2 






12 to 15 


L-l-B 






20 to 26 


L-2-A 






12 to 15 


L-3 






9 to n 


K-l 


32 to 


42 


100 to 120 


K-2 


19 to 


24 


60 to 72 



Test No. 2. — Leakage Tests. — With cocks 1, 2, 3 and 9 open, 
all other numbered cocks closed, valve B in position No. 3 (Lap), 
valve A in position No. 1, and auxiliary reservoir charged to 80 
lbs., proceed as follows: 

A. — ^Leakage at Exhaust in Emergency; Check Valve and Cylin- 
der Cap Gasket Leakage. — Operate the triple valve, two or three 
times in quick action, by closing and opening cock 1; finally leav- 
ing it closed. 

Coat the exhaust port of triple valve with soap suds to ascer- 
tain if leakage exists past the slide valve or bushing to the 
exhaust, with the piston and slide valve in emergency position. 
Close cocks 2 and 3 and note the rate of fall of pressure indicated 
by the brake cylinder gauge, which is now connected only with 
the small volumes between cocks 2 and 3 and the triple valve. A 
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leakage greater than 5 pounds in 10 seconds indicates either ex- 
cessive check valve leakage or that the piston does not seal against 
the cylinder cap gasket. 

At the completion of this test, open cocks 2 and 3 in the order 
given. 

B. — Leakage at Exhaust in Release; Slide Valve or Emergency 
Valve Leakage. — Open cock 1 and after the brake cylinder pres- 
sure is exhausted, close cock 3 and again coat the exhaust port 
with soap suds to determine if there is any leakage from the 
auxiliary reservoir to the brake cylinder past the slide valve when 
the triple valve is in release position, or from the brake pipe 
to the brake cylinder past the emergency valve or Its seat when 
the differential on the emergency valve is high. Open cock 3, 
then paint the body of the triple valve with soap suds to determine 
if leakage exists direct to the atmosphere through castings or 
gaskets. 

If leakage is discovered at the triple valve exhaust in release 
position, determine if it is from the auxiliary reservoir past the 
seat of the slide valve or from the brake pipe past the emergency 
valve in the following manner: 

Move valve A to position No. 8 and open cock 7 until the brake 
pipe and auxiliary reservoir are empty; then, with valve J in 
[)Osition No. 3, place a soap bubble on the exhaust port and place 
valve A in position No. 2. If under these conditions no leakage 
is found at the exhaust, advance valve J by stages from position 
to position until a brake pipe pressure of 10 lbs., is obtained, and 
again note if there is leakage from the exhaust. 

Any leakage at the exhaust, while the auxiliary reservoir is 
without pressure, must be from the brake pipe past the emergency 
valve therefore, if no exhaust leakage is found and leakage did 
exist while the auxiliary reservoir was charged, it indicates a 
defective slide valve. 

At the completion of the test, close cock 7 and move A to jwsi- 
tion No. 1, recharging the auxiliary reservoir. 

C. — Graduating Valve Leakage. — Move valve A to position No. 
7 until a brake cylinder pressure of 20 to 30 lbs. is obtained. 
Then return valve A to position No. 3 and close cock 3. If the 
brake cylinder pressure then increases without leakage at the 
exhaust port, it is proper to assume that the graduating valve is 
leaking, providing it has been determined by the preceding tests 
that the emergency valve is tight. If leakage at the exhaust 
occurs during this test, which will be determined by placing a 
soap bubble on the exhaust, the leakage may be either slide valve 
or graduating valve leakage. The rate of pressure on the brake 
cylinder gauge, resulting from graduating valve leakage, must 
not exceed 5 lbs., in 20 seconds. This comparatively rapid rate of 
rise is permissible owing to the extremely small volume of the 
section of brake cylinder pipe into which the leakage is occurring. 
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At the completion of the test, open cock 3 and move valve A 
to position No. 1. 

Test A'o. S.—Test of Type **K'' Triple Valve for the Retarded 
Belcase Feature. — With cocks 1, 2, 3 and 9 open, all other num- 
bered cocks closed, auxiliary reservoir charged to 80 lbs., valve B 
in position No. 3 (lap), lever D in notch No. 2 and valve A in 
position No. 3, proceed as follows: 

Move valve A to position No. 7 until brake pipe pressure is 
reduced 20 lbs., then return it to position No. 3, place valve J 
in position No. 4; valve B in position No. 1 and valve A in 
position No. 2. This should move the triple valve parts to nor- 
mal (full release) position. 

If the triple valve moves to retarded release position, which is 
indicated bj a contracted exhaust and slow release of brake 
cylinder pressure, it indicates a weak or broken retarded release 
spring, or undue friction in the retarding device. 

FoUowing this test recharge the system to 80 lbs., by moving 
valve A to position No. 1 and valve B to position No. 2. 

When the brake pipe and auxiliary reservoir are charged to 80 
lbs., move valve A to position No. 7 until brake pipe pressure is 
reduced 20 pounds, then return it to position No. 3. Place valve 
/ in notch No. 8, lever D in notch No. 4, valve B in position No. 
ly and valve A in position No. 2. 

Under these conditions the triple valve piston and slide valve 
should be forced to retarded release position. If this does not 
occur it indicates that the retarded release spring is not standard 
or the retarding device has excessive friction. 

At the completion of the test place valve B in position No. 3, 
and valve A in position No. 1. 

Test Ko. ^.-^Application Test. 

A. — Service Sensitiveness. — If for any reason, it is desired to 
make this test following an application and release produced by 
closing and opening cock 1 or the auxiliary reservoir has just been 
charged by opening cock 1, this test should be preceded by an ap- 
plication and release with valve A, for the purpose of insuring the 
slide valve being in its normal position. 

Commencing the test with cocks 1, 2, 3 and 9 open, all other 
numbered cocks closed, valve A in position No. 1, valve B in 
position No. 2 and lever I) in suitable notch for the triple valve 
under test, which is: Notch No. 3 for H-1, H-2, K-1, K-2, and 
notch No. 4 for F-24, F-25: G-24, F-1, F-2, P-1, P-2, L-l-B, L-2-A, 
Lr3, M-1, M-2, R-1, R-2. Then with the auxiliary reservoir cbarfrod 
to 80 lbs., proceed as follows: 

To test H-1 and K-1 triple valves, place valve B in position 
No. 4 and valve A in position No. 5. 

To test K-2, L-l-B, L-2-A, L-3, Ml, M-2, R-1, R-2, II-2, P-1, 
F-1, G-24 and F-24 triple valves, place valve B in position No. 4 
and valve A in position No. 6. 
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To test P-2y F-2 and F-25 triple yalves, place valve B in posi- 
tion No. 4 and valve A in position No. 7. 

In preparing to test F-1 and F-2 triple valves place valve A in 
position No. 3, valve B in position No. 2, and open cock 7 until 
the auxtliarj reservoir and brako pipe pressure is reduced to fifty 
pounds. To test F-1 triple valves, place valve B in position No. 
4 and valve A in position No. 6. To test F-2 triple valves, place 
valve B in position No. 4 and valve A in position No. 7. 

In all of these tests the triple valve should move to applica- 
tion position without causing a discharge of air from the vent 
port of valve B. 

A failure to applj under the conditions specified indicates either 
excessive friction, which will be shown by an exhaust from the 
vent port of valve B; a leaky packing ring, which will be discov- 
ered later by the packing ring, leakage test, too large a feed 
groove in the cylinder, or a combination of two or more of these 
defects. Should the triple valve fail to apply and no exhaust 
occur from valve B, the indications are that the back flow of air 
from the auxiliary reservoir to the brake pipe is too rapid to 
])ermit the required differential. 

At the completion of this test, move valve B to position No. 3 
and valve A to position No. 1. 

B. — Quick Service Test (For Quick Service Triple Valves Only) . 
— With cocks 1, 2, 3 and 9 open, all other numbered cocks closed, 
valve A in position No. 1, valve B in position No. 3 and auxiliary 
reservoir charged to 80 Ite., proceed as follows: 

Close cock 9 and move valve A to position No. 7 for all No. 1 
and No. 2 triple valves and position No. 8 for all No» 3 triple 
valves. The brake cylinder pressure obtained should not be less 
tlian 5 lbs., greater than that which will be obtained by subjecting 
to the same test triple valves which do not contain the quick serv- 
ice features. 

At the completion of this test, move valve A to position No. 1 
and open cock 9. 

Test No. 5. — PacJcing Ring Leakage. — Release Test. — Sec. 1. — 
With cocks 1, 2, 3 and 9 open, all other numbered cocks closed, 
valve A in position No. 1, valve B in )K)sition No. 3, and the 
auxiliary reservoir charged to 80 lbs., proceed as follows: 

Place the valve A in position No. 7 until the brake pipe pres- 
sure is reduced 15 pounds, then return to position No. 3 (Lap). 
Place valve J in position No. 2, lever D in notch No. 1, and 
\alve B in position No. 1; close cocks 2 and 3, and move valve 
A to position No. 2. If the discharge does not occur promptly 
from the vent port of valve B advance valve J from position to 
position until the discharge begins, then note the rate of increase 
of pressure on the auxiliary reservoir gauge. 

Packing ring leakage will be indicated on this gauge and must 
not exceed 5 lbs., in 30 seconds. 
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During this teat there must be a steady exhaust of air from 
the vent port of valve B to insure the proper differential being 
maintained on the triple valve piston The triple valve must not 
release during this test. If it does, the test is void, and must be 
repeated. 

Should it happen that the friction is so low as to contipue to 
permit the triple to release, the reduction for the application may 
be changed from 15 to 10 lbs. When this is done special atten- 
tion should be given to determining if the graduating valve is 
tight. 

At the completion of this test, place valve B in position No. 3 ; 
o]>en cocks 2 and 3 and place valve A in position No. 1. 

Teti No, e.'-Friction Test. — Release Test. — Sec. 2.— -With cocks 
1, 2, 3 and 9 open and all other numbered cocks closed, valve A 
in position No. 1, vnlve B in position No. 3, auxiliary reservoir 
charged to 80 lbs., for all triple valve excepting F-l and F-2. 

To test F-l and F-2 triple valves place valve A in position No. 3, 
valve B in position No. 2, and open cock 7 until the auxiliary 
reservoir and brake pipe pressure is reduced to fifty pounds, then 
place valve B in position No. 3. 

Place lever D in the proper notch for the triple valve under- 
going the test, that is: 

Notch No. 3 for HI, H-2, K-1, K-2 triple valves and notch 
No. 4 for F-24, F-25, G-24, F-l, F-2, P-1, P-2, LIB, L-2-A, L-3, 
M-1, M-2, R-1, R-2 triple valves, proceed as follows: 

Place valve A in position No. 7 until the brake pipe pressure 
is reduced 10 pounds, then return it to position No. 3. Place 
Talve J in position No. 1, valve B in position No. 1, and move 
valve A to position No. 2. A failure to release under these con- 
ditions should be accompanied by a discharge at the vent port 
of valve B, which indicates that the frictional resistance to the 
movement of the packing ring and slide valve is excessive. 

If the triple valve does not release and valve B fails to open its 
exhaust, leakage is occurring from the brake pipe which will neces- 
sitate advancing valve J from position to position, remaining in 
each position 30 seconds, until the triple valve releases or the 
exhaust in valve B opens. 

At the completion of the test, place valve B in position No. 3 
and valve A in ))osition No. 1. 

As the F triple valve is always located adjacent to the brake 
valve and source of air supply, somewhat less severe friction test 
38 permissible. 

Test No. 7. — Service Port Capacity Test. 

A. — ^With cocks 1, 2, 3, 4 and 9 open, valve A in position No. 1, 
valve B in position No. 3, place \'alve C in position required for 
the triple valve under test, as indicated: Notch No. 1 — H-1, K-1. 
Notch No. 2— K.2, H-2, Ml, R-1. Notch No. 3— LIB, P-1. 
Notch No. 4— M-2-A. Notch No. 5— P-2. Notch No. 6— L.2-A, 
R-2. Notch No. 7— L.3. 
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During this test the brake pipe pressure should not drop, except 
that in the ease of the quick-service triple f^alves there will, of 
necessity, be a slight drop, which must not exceed two pounds. 

Place valve B in position No. 2 and move valve A to position 
No. 3, open cock 7 until brake pipe and auxiliary reservoir pres- 
sures are reduced to 50 pounds, then close cock 7. Move valve B 
to position No. 3 and open combination cock 6 and quick opening 
valve, leaving it open 3 seconds. If this test produces quick ac- 
tion it indicates a restriction in the service port or a weak grad- 
uating spring. 

B. — Duplicate the tests specified under Sec. A, placing the wheel 
of valve C in the position as indicated: Notch No. 3 — H-1, K-1. 
Notch No. 4— R-1. Notch No. 5— L-l-B, M-1, K-2, P-1. Notch 
No. 6-~M 2-A. Notch No. 7— P-2, R-2, L-2-A, H-2. Notch No. 
9— L-3. 

Failure of the triple valve moving to emergency position indi- 
cates too loose a fit of the emergency piston. 

At the completion of the test close cock 4 and combination cock 
6 and quick-opening valve and move valve A to position No, 1. 

Test No, 8. — By-Pass Valve, Safety Valve and Graduated He- 
lea^e Tests. — With cocks 1, 2, 3 and 9 open, all other numl)ered 
cocks closed, valve A in position No. 1, valve B in position No. 3 
and auxiliary reservoir charged to 80 lbs., proceed as follows: 

A. — By-Pass Valve Test.— -Open cock 8; move valve A to posi- 
tion No. 7 until the brake pipe pressure is reduced 10 lbs., and 
return it to position No. 3; then close cocks 2 and 3, and note if 
brake cylinder pressure increases. If so, close cock 8, which will 
stop the increase in cylinder pressure if caused by a defective valve 
seat. 

At the completion of this test, open cocks 3 and 8, if closed, and 
move valve A to position No. 1. 

B. — Safety Valve Test. — Place valve A in position No. 7 until 
a brake cylinder pressure of 10 to 20 Ihs. is obtained; then return 
valve A to position No. 3. Place valve C in notch No. 10 and 
open combination cock 6 and quick-opening valve; rotate valve (' 
until main reservoir air flows through it to the auxiliary reservoir, 
the amount of o])ening necessary being only sufficient to get a slow 
increase of brake cylinder pressure, then observe the brake cylinder 
gaujje and note the pressure at which the safety valve opens and 
closes. The safety valve should be adjusted to open at (i2 pounds 
and rlr)sp at 5S pounds. The range of the safety valve is regu- 
lated by increasing or decreasing the discharge ports from the 
spring chamber by means of the regulating ring. At the comple- 
tion of the test, close combination cock 6 and quick-opening valve, 
paint the safety valve with soap suds, to determine if there is any 
leakage in the safety valve or in the joint between it and the triple 
valve. On completing this test, place valve A in position No. 1. 

('. — Graduated Release Test. — With cock 8 open, move valve J 
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to position No. 7. Place valve A in position No. 7 until a brake 
cylinder pressure of 40 lbs. has been obtained. Then place it in 
position No. 2 until the triple valve moves to release position, 
after which, return it immediately to position No. 3. When the 
triple valve exhaust closes, due to the graduated release action, 
move valve A from position No. 3 to position No. 2, and back to 
position No. 3. If the triple valve has the required sensitiveness 
for graduation of the release, it will close the exhaust almost 
simultaneously with the movement of the handle of valve A from 
position No. 2 to position No. 3. At least four release gradua- 
tions should be obtained before the cylinder pressure is entirely 
exhausted. 

A failure to obtain the required number of graduated release 
operations indicates either a restriction of the supplementary res- 
ervoir opening through the triple valve to the auxiliary reservoir, 
or frictit>nal resistance to the movement of the triple valve piston 
and slide valve. At the completion of the test, move valve A to 
position No. 1, and close cock No. 8. 

Maintenance of Test Sack, — Cleaning and Lubrication. — Once 
each week the rotary valve in valves A and B should be lubricated 
with oil and the cock keys removed, cleaned and lubricated. The 
clamping cylinder and its packhig leather should be lubricated 
with brake cylinder lubricant. The rotary discs in valves C and J 
should be lubricated very sparingly with oil and with sufficient 
frequency to make them easy to operate. Metal instruments should 
not be used for cleaning the disc openings on account of enlarging 
them and increasing the rate of feed. 

The piston in the valve body of combination cock 6 and quick- 
opening valve should be cleaned occasionally and very sparingly 
lubricated with oil or graphite grease. 

Installation and Maintenance of the Differential Valve. — The 
weight chamber of the differential valve must stand vertical to 
prevent friction which will result from the weights hanging out 
of center. It may be leveled up by adjustment of the nuts on 
three studs by which it is attached to the table. 

To determine if it is level, remove the plugs from two sides of 
the weight chamber near its bottom; then, starting with lever D 
in position No. 4, raise it until the table on the upper end of the 
rod attached to lever D comes in contact with the lower weight, 
which may be seen through the openings provided. If the table 
strikes square on the bottom of the weight the differential valve 
is level. 

Before reassembling the diaphragm and weight section of the 
differential valve, after having been taken apart for any purpose, 
the length of the exhaust valve stem should be so adjusted by 
screwing it into or out of the spool which carries the exhaust valve 
as to make the dimension between the punch marks on the side of 
the upper end of the stem and the upper end of the spool 1% 
iiiehes. 
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Testing the Rack for Leakages. — ^When preparing to test the 
rack for Jeakage, place plate No. 2 on the stand and clamp to it, 
using suitable gaskets, plate No. 4, the pipe openings in which 
have been closed with plugs. Close cocks 8 and Z and combination 
cock 6 and quick-opening valve. 

Move valve A to position No. 1, which will connect the main 
reservoir to the brake pipes. Move valve B to position No. 2, 
wliieh will connect the brake pipe and the auxiliary reservoir 
through the differential valve. When the brake pipe and auxiliary 
reservoir pressures have been raised to 70 pounds move valve A 
to position No. 3 (Lap), which cuts off the supply to brake pipe, 
and move valve 6 to position No. 3 (Lap), which cuts off all 
communication between the brake pipe and auxiliary reservoir. 
Brake pipe pressure is now in the reservoir and the pipes con- 
nected to the brake valve, triple valve stand, brake pipe gauge 
and differential valve. Valve 'B being in position No. 3 also gives 
brake pipe pressure both above and below the diaphragm. If the 
brake pipe pressure indicated by the duplex gauge falls, it indi- 
cated leakage to the atmosphere from the piping or some of the 
appliances subjected to brake pipe pressure. Leakage may be 
located by coating the pipe fittings, joints and devices with soap 
suds. Special care must be exercised to prevent leakage through 
the stuffing box on the differential valve. If cock 9, which is the 
brake pipe exhaust cut out cock, is open and will not hold a bubble, 
the rotary of valve A is leaking. 

If while making the test the brake pipe pressure increases there 
is leakage from the main reservoir to the brake pipe and as main 
reservoir pressure is on top of the rotary valve of valves A and B 
only, one of these valves is leaking. To determine which, discon- 
nect the union connection of the brake pipe to valve A, then with 
valve A in position No. 3 place a soap bubble on its brake pipe 
connection. If found to be tight the rotary valve leakage is in 
valve B. 

If pressure indicated by the auxiliary reservoir gauge falls, it 
indicates leakage from the auxiliary reservoir, auxiliary reservoir 
piping, or some of the apparatus attached thereto. One pipe is 
connected to combination cock 6 and quick-opening* valve, one to 
the triple valve stand, one to the gauge, and one to the differential 
valve. The leakage can be located by the use of soap suds. 

Immediately following this test, close cock 2 and note if there is 
any drop in pressure, and if so, it should be corrected. At the 
completion of the test open cock 2. 

If the pressure indicated by the auxiliary reservoir gauge in- 
creases, main reservoir pressure is leaking into the auxiliary res- 
ervoir (or its pipe connections when cock 2 is closed), either past 
the rotary of valve B or past the seat of combination cock 6 and 
quick-opening valve. To determine which, after exhausting all the 
air from the auxiliarv reservoir, close cock 2, and with cock 7 
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open, place a soap babble on it. If leakage is found at cock 7 
the seat of the qalck-opening valve is leaking; if not, the rotary 
of the differential valve B is leaking. 

To detennine if there is leakage from the brake pipe to the 
auxiliary reservoir, or the reverse, place valve A in position No. 
1 and valve B in position > No. 2 until the auxiliary reservoir is 
charged to 70 pounds; then move valve B to position No. 3 and 
valve A to position No. 8. This will exhaust all brake pipe air. 
Close cock 2 and if the leakage exists between the brake pipe 
and the auxiliary reservoir, the auxiliary reservoir pressure will 
drop. This can be caused either by leakage between the ports of 
the rotary valve B or a porous casting in the triple valve stand, 
or differential valve. 

To test cock 2 for leakage charge the auxiliary reservoir to 70 
lbs., then place valve B in position No. 3, close cock 2 and open 
cock 7. If the auxiliary reservoir pressure falls cock 2 is leaking. 

To test for a ruptured diaphragm in the differential valve, 
place valve A in position No. 1 and valve B in position No. 2. 
When the brake pipe and auxiliary reservoir pressures have been 
raised to 60 pounds move valve A to position No. 3 (Lap). Move 
valve B to position No. 1, which will separate brake pipe and 
auxiliary reservoir pressures, brake pipe pressure being under the 
diaphragm and auxiliary reservoir pressure above it. Place lever 
D in position No. 4, which will suspend all the weights from the 
diaphragm and permit an increase of brake pipe pressure 4 pounds 
higher than that in the auxiliary reservoir. To do this place 
valve A in position No. 2, valve J in position No. 5, and close 
cock 2. When this difference in pressure has been obtained a 
strong exhaust should follow from the vent port of the differential 
valve and the auxiliary reservoir pressure should remain stationary. 
If this pressure increases (the rotary valve of the differential 
valve B having already been tested) the diaphragm is defective. 

To test the exhaust valve of the differential valve place the 
handle of valve B in position No. 3 and valve A in position No. 1. 
If the exhaust valve is tight there will be no leakage from the 
exhaust port. 

If the rotary disc seat in valve J becomes defective it can permit 
leakage from the main reservoir to the atmosphere brake pipe to 
the atmosphere or, when it is in use for controlling the rate of 
feed, main reservoir to brake pipe. Leakage to the atmosphere 
can be detected by placing soap suds around the stem between the 
hand wheel and valve body. To detect leakage from the main 
reservoir to the brake pipe, charge the brake pipe to 70 pounds, 
place valve J in position No. 2, and valve A in position No. 2. 
Under these conditions the brake pipe pressure should not increase 
more than 7% pounds in one minute. The orifices in the rotary 
disc of valve J should be examined occasionally to make certain 
that they are not obstructed. 
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To test cock 1 for leakage charge the brake pipe to 80 pounds, 
close cock Y, close cock 1 and open cock Z. Cover the vent open- 
ing in cock 1 and place a soap bubble on the opening in the brake 
pipe clamp. 

To test cocks Y and Z for leakage charge the brake pipe to 
80 lbs., close cocks Y and Z, open cock 1 and place a soap bubble 
on the opening in the brake pipe clamp to test cock Z, and on the 
brake pipe openings in the face of the triple valve stand to test 
cock Y. 

To test cock 3 for leakage apply a triple valve to the stand 
and charge the brake pipe and auxiliary reservoir to 80 lbs. After 
closing cock 3 place valve A in position No. 7, open cock 4 and 
place soap bubble upon it. 



CHAPTER XVIII. 

ERECTING SHOP WORK — INTERNAL COMBUSTION 

ENGINES. 

The internal combustion engine, or gas engine 
as it is commonly called, is becoming quite com- 
mon in railway work, being used extensively 
for pumping water and for operating the ma- 
chinery of coal chutes. It is also being grad- 
ually introduced as the motive power for single 
cars for use upon branch lines where the traffic 
is light. This being the case it is necessary for 
the railway machinist, if he is to be '^up-to- 
date," to secure a working knowledge of this 
form of motor. 

The term internal combustion engine includes 
gasoline engines, kerosene engines, crude oil 
engines, ana alcohol engines, as well as those 
that run on either city gas, producer gas, or 
natural gas. 

The general principles governing both the 
construction and operation of an internal com- 
bustion engine are nearly the same as in a 
steam engine, the object in both being to obtain 
useful work from heat, that is, to transform heat 
energy into work. 

In the steam engine the fuel is burned in the 
fire box of the boiler, the heat of combustion 
converting the water into the gas called steam. 
By means of suitable pipes the steam is conveyed 
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to the engine where its expansive force is made 
use of to push the piston back and forth and 
rotate a shaft from which the power is taken 
off by suitable means. In the case of the in- 
ternal combustion engine the transformation of 
heat into work is accomplished in a more direct 
manner. The fuel, together with the required 
amount of air for combustion, is introduced 
directly into the engine cylinder where it is 
burned. The gases, or smoke, resulting from 
this combustion of the fuel are raised to a very 
high temperature and this increase in tempera- 
ture causes the gases to expand and thus pro- 
vides the force for moving the piston. 

From the foregoing comparison it will be seen 
that the internal combustion engine combines 
in one machine the engine, boiler and fire-box 
of the steam plant, and hence should be more 
efficient, that is, the same amount of heat de- 
veloped should produce a greater amount of 
useful work, and as a matter of fact it does. 
The average steam engine will turn from five 
to ten per cent of the heat energy of the fuel 
into useful work at the crank shaft, while an 
ordinary internal combustion engine will de- 
liver from twelve to twenty-five per cent. 

Practically all of the internal combustion 
engines now built operate on what is known as 
the Otto cycle which requires two revolutions 
of the crank shaft and four piston strokes to 
complete the various operations. There are 
also engines built which use a modification of 
this cycle in which a portion of the necessary 



INTERNAL COMBUSTION ENGINES. 



383 



operations are carried on in a separate device, 
or its equivalent, in order to permit the opera- 
tions to be completed during one revolution of 
the crank shaft. The above mentioned differ- 
ences in construction divide internal combustion 
engines into two types commonly known as 
four cycle engines and two cyde engines. 

Taking up the first type, the series of opera- 
tions which take place during the four piston 
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Fig. 1 

strokes necessary to complete the cycle are as 
follows: During the frst onward stroke of the 
piston a mixture of gas and air, called the charge, 
is drawn into the cylinder through the inlet 
valve; During the prst inward stroke of the 
piston this charge is compressed into the 
clearance space at the end of the cylinder. Just 
before the piston reaches the end of this com- 
pression stroke, the charge is ignited and the 



First Revolution 
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ensuing explosion causes a sudden increase of 

gressure due to the heat developed by the com- 
ustion of the gas. The expansion of these 
heated gases drives the piston on the second 
outward stroke. Just before the piston reaches 
the end of this stroke, the exhaust valve is 
opened, permitting the contents of the cylinder 
to escape to the atmosphere. The second inward 
stroke clears the cylinder of the burnt gases, the 
exhaust valve being held open until the end of 
the stroke. The cycle given in tabular form is as 
follows : 

Outward stroke : Suction. 
Inward stroke : Compres- 
sion, ignition, ex- 
plosion. 

Outward stroke : Expan- 
sion, release. 
Inward stroke: Exhaust. 

This will be made clear by an inspection of Fig. 
1, which shows the sequence of events as they 
occur during the two revolutions of the crank. 
Referring to Figs. 2 and 3, the operation of 
the two cycle engine will be described. In this 
engine, as was before mentioned, there must be 
a separate device for performing part of the 
operations. This takes the form of a com- 
pression chamber which may be a separate 
cylinder, or the front end of the power cyUnder, 
or the enclosed crank case. A majority of the 
engines of this tj'pe use the enclosed crank case, 
hence this t3rpe will be described. Referring to 



Second Revolution 
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Fig. 2, the chamber A, enclosing the crank, is 
built gas tight. Starting with the piston at the 
bottom of the cylinder let it make an up stroke. . 
This will tend to produce a vacuimi in the crank 
case and a charge will enter through the inlet 
valve a and fill the case. As the piston makes 



the down stroke it will compress the charge in 
the crank case until the piston travels down far 
enough to open the inlet port 6, Fig. 3. The 
cyUnder and crank case now being in com- 
munication, the compressed charge rushes into 



the cylinder. As the piston starts on the second 
up stroke, the port b is closed, and the charge, 
now in the upper end of the cylinder, is com- 
pressed and at the same time a new char^ is 
being taken into the crank case. When the 



piston reaches the end of the second up stroke, 
Ignition takes place and the resulting expansion 
forces the piston to make the second down 
stroke, which of course compresses the charge in 
the crank case. As the piston reaches the bot- 



INTERNAL COMBUSTION ENGINES. 3S7 

torn of the cylinder it uncovers the exhaust port 
c, Fig. 3, allowing the burnt gases to esfcape to 
the atmosphere, and also opens the inlet port 6, 
and a new chaise goes into the cylinder. Thus 
it will be seen that with this type of engine the 



Fig. 4 

piston receives an impulse every revolution of 
the crank shaft instead of one every two revolu- 
tions, as is the case with engines of the four 
cycle type. 



The two cycle engines are rarely tised for 
stationary work, but on account of their develop- 
ing more power in proportion to weight and size, 
they are extensively used for automobiles and 



Fig.S 

marine work. In what follows only the four 
cycle engine will be considered. 

Xow, however much the four cycle engines 
now manufactured may differ in design and con- 
struction, they are very much alike in the sense 
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that all of them must perform the same series 
of four operations, and each operation, though 
distinct and separate from the others, must be 
performed in its exact consecutive order and 
time, or the best results will not be attained. 



Fig. 6 

Fig. 4 shows the governor side of a vertical 
gasoline engine, Fig. 5 shows the same side with 
the fly wheel removed, and Fig. 6 shows a sec- 
tional view. Fi^. 7 shows the top of the eyUnder, 
showing the igniter mechanism enlarged. Fig. 8 



shows the governor wheel with the governor 
weight attached. Fig. 9 is a sectional view of 
the gaaoUne mixer or carbureter. 
Referring to Fig. 6, it will be seen that the 



Fig. 7 

engine consists of four main castings. The base 
A is cast hollow and forms a reservoir for the 
fuel supply. The crank case B is mounted on 
this base and is built oil-tijrht. Access may be 
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had to the case through the hand hole by remov- 
ing the cover C, Fig. 4. The cyUnder D is bolted 
to the top of the crank case, being closed at the 
top by the cylinder head E. The cyUnder head 
contains the exhaust valve a, the inlet valve 6, 
and to it are bolted the carbureter c and the 
igniter or spark plug d. See Fig. 7 also. The 
cylinder, cyUnder head and exhaust valve are 
thoroughly water jacketed to prevent over- 
heating. 



Fig. 8 

This piston e, it will be noticed, is very long 
as compared with the piston of a steam engine 
and is so made for the reason that there are no 
guides and therefore the piston and cyUnder take 
the thrust of the connecting rod. 

The connecting rod /, as generally constructed, 
has a spUt bushing at the top, or wrist pin end, 
which can be adjusted to take up the wear. 



The crank end is what is known as a "marine 
end," being finished oflE in the shape of a T to 
which the crank pin brasses are held by two bolts. 
The crank shaft runs in soUd bronze bushings 
g, g, which are pressed into the crank case. 
These bushings have no means of adjustment 
and are renewed when worn out. 



Fic- 9 

The exhaust valve 6 is opened by means of 
the exhaust cam h, cam roller i, cam lever j, 
valve rod k, and exhaust lever I. The cam is 
mounted on ihe cam shaft m, which is rotated 
half as fast as the main crank shaft by means of 
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the timing gears n and o. The exhaust valve is 
closed by the action of two coil springs, one 
mounted on the valve spindle and the other on 
the valve rod. 

This engine is governed by holding the ex- 
haust valve open when the speed of the engine 
exceeds normal. Referring to Fig. 8, as the 
speed of the engine increases, centrifugal force 
will move the governor weight a outward in the 
direction of the arrow, it swinging on the pivot 
6. When it has moved out a certain distance, 
the projecting rib c will come in contact with 
the lower end of lever n, Fig. 5, which will 
throw the upper end of this lever to the left 
where it will be under the end of the cam lever 
J, thus holding the cam lever up and the exhaust 
valve open. As the speed of the engine becomes 
normal, the governor weight will be drawn 
inward by the action of the governor spring rf, 
the rib c will not engage with the lower end of 
lever n, and the spring o will draw the upper 
end of the lever to the right, disengaging it 
from the lever j, and thus allowing the exhaust 
valve to be controlled by the exhaust cam h. 

The charge in the cylinder is fired or ignited 
at the proper time by an electric igniter of the 
make and break type. This igniter is operated 
by the rod p, Fig. 7, attached to the exhaust 
valve rod k, and thus becomes inoperative when 
the exhaust valve is held open. A more detailed 
description of the igniter will be given later. 

The charge is introduced into the cylinder as 
follows. Gasoline is drawn from the cavity in 
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the base and forced to the carbureter or mixer c, 
by means of the pump F and pipe t. The gaso- 
line is maintained at a constant level in chamber 
A of the carbureter, which is shown in section 
in Fig. 9, by the overflow pipe Q, returning any 
excess of fuel delivered by the pump to the tank 
in the base. Air enters the carbureter at B, 
and passes through chamber C, to the engine 
cjdinder. As this air passes the opening D it 
takes up a charge of gasoline which has been 
admitted through the iieedle valve E, The air 
passes the opening D at a velocity of about 
6,0()0 feet per minute and immediately atomizes 
the gasoline so it forms a gas. When gasoline 
is converted into a vapor or gas, its volume is 
increased about 1,500 times. In order that this 
gas may be burned quickly, or in other words, 
exploded, it must have sufficient air mixed with 
it to furnish the oxygen necessary to support the 
combustion. This will require from 8 to 14 
volumes of air for each volume of gas. As an 
engine will not run satisfactorily unless this 
mixture is about correct it will be seen that the 
carbureter or mixer must necessarily be a 
delicate arrangement. There are several differ- 
ent kinds on the market, the one just described 
being known as a constant level carbureter. 

The fuel pump F is of simple construction, 
having no stuffing box, and the valves beini 
balls. It is operated by the bell crank r, ant 
the eccentric s, on the cam shaft. 

The sectional view Fig. 6 show^s the method 
of lubricating the working parts. Oil is intro- 
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duoed into the crank caae through a fiUing plug. 
The connecting rod dips into this oil, which by 
the aid of the dasher attached to the lower end 
of the rod not only lubricates the crank pin, 
but the centrifugal force of the crank distributes 
the oil on the cylinder wall, piston, and sides of 
the crank case; thus perfectly lubricating the 
piston, upper end of the connecting rod, timing 



Fig. 10 

gears, and by aid of the two oil holes which 
collect oil from both sides of the crank case, the 
crank shaft bearings. Grease cups are also 
provided. 

Figs. 10 and 11 show two views of a horizontal 
gasoUne engine in which the governing is done 
by controlling the mean effective pressure in- 
stead of the hit-and-miss plan. This engine 
takes a charge every second revolution, the 



amount of the charge and consequently the 
force of the explosion being controlled by the 
governor. While this method of governing is 
not as economical as the hit-and-miss plan, the 
speed will be more uniform, hence an engine of 
this type is suitable for driving machinery 
where speed variations must be kept within 
narrow limits. Figs. 12 and 13 show two views 



Fig. 11 

of the governor mechanism. The cam a, which 
opens the exhaust valve, is fixed on aside shaft 
b, which is driven by spiral gears from the crank 
shaft. This shaft also carries a cam for operat- 
ing the pump (not shown), the cam c, for operate 
ing the igniter, and the bevel gear d, for driving 
the governor. The exhaust valve e is operated 
by the lever /, fulcrumed to the bottom of the 
cylinder. The inlet valve is at g, the carbureter 
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being at h. The governor is of the well known 
fly ball type, provided with a spring adjustment 
for changing the speed of the engine, and oper- 
ates as follows : As the speed of the engine in- 
creases the governor balls i, i wiU move outward, 
this movement raising the governor sleeve j, 
the lever fc, and by means of the rod I moving 
a valve on valve stem m, located in the intake 
pipe leading to the inlet valve g. This valve 
partially closes the inlet pipe and thus regulates 
the amount of the charge taken into the cylinder. 
As this valve is located between the carbureter 
and the cylinder, the proportions of the gas and 
air in the charge are not changed, but as the 
total quantity of the charge is diminished, the 
mean effective pressure will be less and the 
engine will slow down until the governor comes 
to such a position as will increase the charge. 

The igniter is of the same type as that of the 
engine first described. 

Fig. 14 shows a horizontal gasoline engine 
governed on the hit-and-miss plan. Fig. 15, 
showing the governor. Referring to these two 
figures, the exhaust cam h is located on a ver- 
tical shaft which is driven from the crank shaft 
by means of the spiral gears x and y. The upper 
end of this cam shaft carries a gear v, for driving 
the governor, which is of the same type as that 
on the second engine described. The exhaust 
cam moves the slide a, and this in turn the 
exhaust valve rod fc, also the bell crank r, for 
operating the fuel pump F. When the speed 
01 the engine exceeds that for which the gover- 



nor is adjusted, the balls move outward, rais- 
ing the governor sleeve c, which in turn moves 
lever d, depressing the detent lever e, so that it 
becomes engaged in the hook up stop /, in the 
slide a, thus holding the exhaust valve open. 



When the speed of the engine becomes normal 
the governor balls move inward, raising the 
detent lever e, and the exhaust valve is then 
controlled by the exhaust cam. 

There is another form of governing device of 
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the hit-and-miss type known as the pendulum 
or inertia governor. This is shown m Fig. 16 
and operates as follows. The exhaust valve 
rod is in two parts, the part 6, b being connected 
to the exhaust cam and the part c being con- 
necied to the exhaust valve. The bracket d 
is bolted to the engine frame and forms a guide 
for the valve rod, and also supports the detent 



lever e, which is pivoted at k. The bracket a 
is clamped to the valve rod b, and supports the 
weight W, which is pivoted at i, and swings free, 
except for the resistance of the spring s. This 
weight has a projecting arm g, upon which the 
detent lever e reste. On the valve rod c is clamp- 
ed the hook up stop /. When the engine is 



running at normal speed, the weight W will 
not have throw enough to raise the detent lever 
c high enough to engage with the hook up stop 
/, but as the speed of the engine increases the 
weight W will be thrown far enough to raise 
the detent lever e, so that it wil! engage with the 
hook up stop /, and thus hold the exhaust valve 
open. 



Fig. 14 

In the foregoing four typical engines "have 
been described and any four cycle engines gov- 
erned in the same manner will have some form 
of apparatus, for performing the functions 
described, no matter how much these parts may 
differ from the above in detailed construction. 
Four cycle engines may be divided into seven 
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Hit-and-Miss. 



Variable Impulse. . 



classes, depending on the manner in which the 
governing is done, as follows : 

1. Holding gas valve closed. 

2. Holding exhaust valve 
either open or closed. 

3. Cutting off current from the 
igniter. 

4. Stopping the action of the 
cam shaft, generally at a 
point that will hold the 

* exhaust valve open. 

1. Partial stoppage of gas 
or fuel supply. 

2. Throttling the charge, the 
mixture remaining con- 
stant. 

3. Varying the lead of ig- 
nition. 

Referring again to the subject of igniters, 
there are two general types in use, the hot tube 
and the electric spark. 

The hot tube method of ignition as it is ap- 
plied to modem engines consists of a small tube 
varying in length somewhere from 2^ to 6 
inches, and about J inch in diameter, closed at 
one end and screwed into the cyhnder or 
cylinder head in such a manner that the open 
end is in conmiunication with the compression 
chamber. The tube is heated to a red heat by a 
burner and on the compression stroke the charge 
is forced into the tube and against the red hot 
walls, causing the mixture to ignite. The length 
and diameter of the tube are such that the mix- 



ture is ignited just before the piston reaches 
the end of the stroke, and the impulse is given 
the piston as the crank passes over the center. 
The hot tube seldom fails to ignite the charge, 
but the time of ignition is not regular ^nd can- 
not be changed except by changing both the 
diameter and length of the tube. This method 



Fig. 15 

is not used a great deal at present, having given 
place to the electric spark. 

The electric igniters may be divided into two 
classes : the one in which the ignition is produced 
by interrupting a primary circuit flowing through 
a coil having a great deal of self induction, and 
the other by interrupting a primary circuit and 
employing this interruption to induce a current 
of high tension in a secondary circuit, producing 
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a spark which will jump across an air space. 
The first method is known as the make-and- 
break; the second is called the jump spark. 
There is little difference in the efficiency of the 
two systems, although the jump spark method 
will probably prove more satisfactory for a 
high speed engine. 

The make-and-break method is divided into 
two classes: the wipe break and the hammer 




Fig. 16 



break. In the first, one terminal is caused to 
rub upon the other and to suddenly let go, the 
circuit being closed during the rubbing and a 
spark will be produced just as the terminals 
separate. In the second method one of the 
terminals is forced hard against the other, 
cluing the circuit, and is then suddenly with- 
drawn by means of a spring, the spark being 
formed as the terminals separate. As the wipe 
break is not generally used it will not be dis- 
cussed. 



A hammer break igniter is shown in Fig. 17. 
The stationary electrode is shown at a, and is 
insulated from the body of the spark plug by 
the mica and porcelain washers as shown. One 





Fig. 17 

of the battery wires is attached to this electrode 
by means of the thumb nut /. The movable 
electrode consists of the arm b, on the end of 
the shaft c, c. Two small rivets of platinum, d 
and e, are inserted in each of the electrodes in 
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order to avoid the rapid destruction which 
would occur if the contact were made between 
the wrought iron surfaces of the electrodes. The 
shaft c, c passes through the spark plug, from 
which it is not insulated, and is free to turn. 
On the outer end of this shaft the hardened steel 
piece z is placed, being free to rotate about the 
shaft. The coil spring x has one end fast in the 
spark plug, the other end being fast to the piece 
z. Cou spring y has one end fast to piece z, and 
the other end fast to the shaft c. Now referring 
to Fig. 7, attached to the exhaust valve rod is 



Fig. 18 

the igniter rod p, which is a piece of spring steel 
having the upper end hardened. On the up- 
ward movement of the valve rod the piece p 
engages with piece z, carrying it upward. This 
movement of z rotates the shaft c by means of 
the coil spring y until the electrodes are brought 
together, after which further movement of the 
piece z winds springs x and y, increasing the 
pressure between the points d and e. As the 
valve rod continues its upward movement, the 
beveled end comes in contact with the igniter 
trip w, which disengages rod p from piece z. 
Piece z flies back, owing to the tension of springs 
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X and y, and the tension of spring y rotates 
shaft c and the arm 6, breaking the circuit with 
a rapid motion and producing a spark between 
d and e. 

Fig. 18 shows the form of spark coil used 
with the hammer-break type of igniter. 

Fig. 19 shows the method of connecting the 
battery and spark coil for a make-and-break 
igniter. 
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Fig. 19 
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Fig. 20 shows a spark plug for jump spark 
ignition. In this construction one electrode a 
passes through the body of the spark plug 6, 
from which it is thoroughly insulated. The 
other electrode d is attached directly to the 
body of the spark plug, making an electrical 
connection with it. These two electrodes are 
separated by a small air space e. Fig. 21 shows 
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the various connections from the battery to 
the plug, through the induction coil and vibrator. 
Current from the battery passess through the 
switch or timer A, which is located at any 
convenient point on the cam shaft. From the 
battery and switch the current passes through 
the primary circuit of the induction coil B. At a 
and 6 are shown the terminals of the secondary 
circuit of the induction coil, from which wires 
are led to the binding posts c and d of the 
igniter plug. Attached to the induction coil is 




u 




Fig. 20 



a circuit breaker or vibrator e, which auto- 
matically makes and breaks the circuit a great 
many times a second. In operation the ap- 
paratus works as follows: The primary circuit 
is closed at the proper time by the switch A and 
the current flows to the induction coil. The 
vibrator rapidly opens and closes the circuit, 
producing a series of sparks between the points 
of the igniter plug at e. The great trouble 
with the jump spark method of ignition is due 
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to two causes: the bridging of the gap e by a 
deposit of carbon, or other foreign material, 
thus closing the gap and allowing the secondary 
current to pass without sparking; the other is 
the breaking down or perforation of the insula- 
tion, either in the spark plug or secondary coil 
of the induction coil, due to the high voltage 
of the secondary current. To avoid the first 
trouble care should be used that an excessive 
amount of lubricating oil is not used in the 
cyhnder, and that what is used is of such quality 
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as will leave the least deposit of carbon. To 
avoid the second trouble use as low a voltage 
in the secondary circuit as possible. The best 
results will be obtained from a fat spark which 
will jump across a gap of f inch to \ inch, and 
then so place the igniter points that they will 
be from -^^ inch to \ inch apart. 

Fig. 22 shows an induction coil with vibrator, 
a and 6 being the terminals for the primary 
circuit, and c and d being the terminals for the 
secondary circuit. 
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Magnetos and dynamos are being used to a 
considerable extent for ignition purposes in 
place of batteries and, when properly installed, 
are giving good satisfaction. Fig. 23 shows a 
magneto, and Fig. 24 a dyiiamo. The magneto 
differs from the dynamo in that the pole pieces 
are permanent magnets, while those of the 
dynamo are electric magnets. With the mag- 
neto the engine may be started without the 
use of a battery, but the dynamo will require a 
battery for starting. As the battery is shut 
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off immediately after the engine is started, it 
will last indefinitely. In general, it may be 
stated that the battery should be used with 
either as an auxihary method of ignition. 

INTERNAL COMBUSTION ENGINE TROUBLES. 

From the foregoing it will be seen that there 
are three essential conditions which must exist 
before an internal combustion engine will run 
satisfactorily. 

First. The fuel mixture must be correct. 



Second. The compression must be correct. 

Third. The charge must be ignited at the 
proper time. 

Mixture. — As previously described, a chaise 
is drawn into the cylinder and there compressed. 
At the proper moment the charge is ignited and 
burned, the heat of combustion raising the 
temperature of the products of combustion to 
between 2,000 and 3,000 degrees F., and since 
these gases are confined in the clearance space 
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behind the piston, the expansion due to the 
heat raises the pressure enormously. Now 
this resulting pressure depends on the adjust- 
ment of the engine and the amount of fuel and 
air admitted to the cylinder and the proportion 
in which the two are mixed. In ordinary 
engines this initial pressure will often amount 
to between 300 and 400 pounds per square 
inch. As the piston advances on the power 
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stroke these gases expand and the pressure falls 
until at the time the exhaust valve opens it 
will not be more than 30 or 40 pounds. The 
principles underlying the combustion of the 
gas in an internal combustion engine are exactly 
the same as those governing the combustion of 
coal in the fire box of a steam boiler. Com- 
bustion is a chemical process in which the oxygen 
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of the air unites with the carbon and hydrogen 
of the fuel. Under ordinary conditions, the 
hydrogen, which is the most combustible of 
the two elements of which the gas is formed, is 
the first to bum. The combustion of the 
hydrogen thus separates it from the carbon, 
which is then set free; and as carbon is never 
found in a gaseous condition when uncombined 
with other substances, it at once assxunes the 
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form of fine soot when the hydrogen is burned 
away from it. This fine soot, or pulverized 
carbon, is, however, intensely heated by the 
combustion of the hydrogen. Now carbon, 
when heated to an igniting temperature, will, 
if brought into contact with a sufficient quantity 
of oxygen, combine with it or be burned. Each 
particle of carbon thus becomes incandescent, 
and is immediately consumed by. the oxygen 
which is brought into full activity by the heat, 
and only a transparent gas is evolved. This 
process continues as long as there is carbon and 
oxygen left in the mixture to unite. In case 
there is too much gas in the mixture in propor- 
tion to the amount of air, there will be left a 
considerable amount of carbon un consumed on 
account of the oxygen in the mixture being 
exhausted. This unconsumed carbon passes 
away with the exhaust in the form of a dense 
black smoke, and the power of the engine is 
reduced. 

In case too much air is adnritted in proportion 
to the amount of gas, all of the carbon will be 
consumed, but the air admitted which is not 
necessary for the complete combustion of the 
gas will reduce the resultant temperature of 
the explosion on account of the heat absorbed 
by the excess of air and the pressure will be 
reduced. In this case there will be no smoke 
from the exhaust, but the power of the engine 
will be reduced. 

From the foregoing it will be seen that the 
fuel and air must be mixed in exactly the right 
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proportions to give the best results. If too 
much fuel is supplied for the amount of air, the 
mixture will be too rich in fuel and ignition 
may not take place at all, and if it does, the 
heat generated will not be as great as would 
be the case if the proportions were correct. 
Black smoke thrown from the exhaust shows 
that the fuel supply is too great. 

On the other hand if there is not enough fuel 
for the amount of air admitted, the mixture 
Mill be lean and ignition may fail and the ex- 
plosion will be weak. This defect is generally 
made manifest by a snapping or barking noise 
from the exhaust valve outlet, indicating that 
the mixture is slow burning and is still burning 
when the exhaust valve opens. This barking 
sound has given rise to the saying ^'She is 
barking for more fuel," and can be remedied 
b}^ opening the throttle, allowing more gas to 
pass to the mixture. 

The exhaust has a sound by which the 
experienced operator soon learns to tell when 
the engine is or is not doing its work correctly. 

If a thick, heavy, grey smoke shows from the 
exhaust it is an indication that the supply of 
lubricating oil to the cylinder is excessive. 

Compression. — It is easy to determine whether 
or not an engine has compression by turning 
the piston on the compression stroke. Failure 
to get compression may be due to a valve refus- 
ing to seat, or a leak past a valve. It may also 
be due to a leak past the piston due to broken 
rings, poorly fitting rings, or rings gummed up 
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SO they stick. If the valves do not seat cor- 
rectly, it may be due to dirt or gum under 
them, or the valve or seat may be worn and 
require re-grinding. The parts may be out of 
adjustment due to the wearing of cams, levers, 
etc., so that the time of opening and closing 
the inlet and exhaust valves will not be correct. 
When this is found to be the case the only 
remedy is a readjustment of the valve gearing. 
If the inlet valve is controlled by a cam it should 
open exactly at the beginning of the charging 
stroke and close exactly at the end. If this 
valve is operated entirely by suction, the spring 
should be strong enough to hold the valve in 
place until the engine has passed the center 
about 20°, and should remain open during the 
operation of the suction force, closing on the 
center. The exhaust valve should be opened 
when the piston has completed about 90 per 
cent, of the expansion stroke, and should close 
exactly at the end of the exhaust stroke. 
Sometimes the valve stems or springs may bind, 
thus causing the valves to stick. If the trouble 
is found to be a leak past the piston, due to the 
rings being gummed up, the piston should be 
removed and washed thoroughly with kerosene, 
working all dirt out from the grooves and 
making the rings perfectly free. If possible to 
do so, this cleaning should be done without 
removing the rings from the piston. 

Ignition. — The troubles due to ignition have 
been generally much magnified, and it may be 
said that they are due largely to abuse resulting 



INTERNAL COMBUSTION ENGINES. 415 

•from ignorance. In another part of this chapter 
have been given the principles governing the 
application of electricity for this purpose, and 
if the following points are thoroughly mastered 
there should be no trouble experienced in 
locating any defects in an engine arising from 
the ignition system. 

First. There is a source of ^electric energy, 
which may be a battery, auto-sparker, or 
magneto. 

Second. The circuit from this source passes 
to the electrodes of the igniter either directly or 
indirectly. 

Third. The connections to the spark coil. 

Fourth. The automatic arrangement which 
makes and breaks the circuit. 

The battery is by far the most common 
method of furnishing the electric current, and 
may be made up of either wet or dry cells. The 
wet cells will probably give the best results for 
stationary service, and the dry cells for a 
portable engine. One of the best types of wet 
cell is the Edison-Lalande Batterj-, whicn is 
made in several sizes, having a capacity of from 
100 to 300 ampere-hours. Five or six of these 
ceUs should be used, with the spark coil, for 
make-and-break ignition. Dry cells will give 
good results and will prove satisfactorj^ if the 
run-down cells are replaced by new ones as soon 
as the current shows weakness. Most of the 
troubles arising with electric ignition can be 
traced directly to the battery. Only first-class 
batteries should be used, and these should not 



416 SHOPS. 

be expected to last forever without renewing. 
When dry batteries are used, replace them with 
new. If wet cells are used, replace any worn 
out parts and put in a new solution. 

High speed engines will use up the battery 
faster than slow speed, and multiple cyUnder 
engines faster than single cylinder. The size 
of the engine will make no difference. The 
actual life of a battery will depend on the 
duration of the contact, and the hours per day 
the engine is in use. If the battery is left 
turned on while the engine is idle, and the 
engine stands in such a position of the stroke 
that the contact is made, it will be run down 
more in a single day than it would be by months 
of steady use of the engine. 

If there is any reason to suppose that a failure 
to ignite is due to the spark failing to pass on 
the inside of the cylinder, the wire should be 
disconnected from the insulated terminal and 
snapped on some bright part of the engine. If 
there is a spark it shows that so far as the bat- 
tery is concerned there is no trouble. If no spark 
is produced, the wiring should be thoroughly 
gone over, until the trouble is located and a 
spark obtained. It will probably be found that 
a binding screw is loose or the circuit broken in 
some other manner. If a spark is produced in 
the above manner, and one is had ako when the 
wire is snapped across the insulated binding 
post, it shows that there is a connection between 
the igniter points within the cylinder. In such 
case the igniter should be removed and cleaned. 
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If in making this test there is no spark, it indi- 
cates that there is no current between the ig- 
niter points, and the points should be brought 
together by means of the igniter dog, and the 
wire snapped across the insulated binding post. 
This should produce a spark, and if it does not 
it indicates that there is something between the 
points which insulates them, or the points are 
worn down so that they do not touch. In the 
first case the igniter should be removed and 
cleaned. Water and a deposit of carbon will 
make a circuit between the points, w^hile oil 
and rust will prevent a contact, and any of these 
vd\l prevent a spark passing. In case the points 
are worn they must either be renewed or the 
igniter adjusted so that they will come together. 
With the jump spark method of ignition the 
trouble, if any, is usually located in the battery, 
or the wiring, or the spark plug. To locate, pro- 
ceed about as follows. Turn the engine over 
until the vibrator buzzes. Open the switch to 
stop the flow of the primary current and dis- 
connect the wire from the spark plug and hold 
it about i-inch away from some bright part of 
the engine ; then close the switch. If the vibrator 
buzzes as it should and a good spark is had 
between the wire and the engine, the trouble is 
in the plug. Open the switch, remove the plug 
and connect the wire to it, and lay the plug on 
the engine so that only the outer casing touches, 
and again close the switch. If no spark is had 
between the points of the plug, and a spark is 
had at any other part of the plug, or if the spark 
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is intermittent, the plug is short circuited. It 
should be thoroughly cleaned and the test 
repeated. If the trouble still exists, the plug 
insulation is probably perforated, or broken 
down, and a new plug should be used. 

If when the engine is turned over so that the 
timer closes the circuit the vibrator does not 
buzz, the wires should be examined to see that 
none are broken, and that the connections are all 
tight. If these are found in good order, the timer 
should be cleaned, as too much oil or dirt will 
cause it to work poorly. After this is put in 
good condition and the trouble still exists, 
examine the vibrator to see that it is not stuck 
and that the contact points are in good condi- 
tion. If this is all right, the troimle will be 
found in the battery being run down. Before 
throwing any of the cells away each one should 
be tested with an ammeter to be sure that the 
trouble is not due to one dead cell. 

If a coil without a vibrator is used, the pro- 
ceeding will be as above, except that instead of 
turning the engine over, the timer should be 
operated by hand. 

If a magneto or dynamo system is used in- 
stead of batteries, the instructions furnished 
with the outfit should be followed. 

From the foregoing it will be seen that to 
locate ignition troubles it is merely necessary to 
disconnect certain parts of the circuit and 
locate the trouble by a process of elimination. 

A large portion of the trouble experienced 
with electric ignition will be done away with if 
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proper care is used in the installation of the 
S}"stem. All connections must be clean and 
bright, and mtist be tight. All wires should be 
run to the engine above the floor, so they will 
always be in sight and easy to get at in case of 
trouble. If the engine is in the open the spark 
plugs should be provided with protectors, or 
umbrellas, as water is a good conductor of 
electricity, and the system miLst be kept dry. 
If a dynamo or magneto is used, the directions 
for installation furnished by the makers should 
be followed exactly y as each firm placing these 
goods on the market has a certain way in which 
they wish their machines to be installed and 
operated. 

The correct point for ignition should vary 
with the speed of the engine. For about 200 
revolutions per minute, ignition should take 
plaee when the crank is 10 to 15 degrees from 
the center approaching it. This angle should 
increase as the speed increases, and for an engine 
nmning about 700 or 800 revolutions per 
minute the angle would be from 35 to 40 de- 
grees. 

With the jump spark the length of time that 
the timer should hold the circuit closed will 
depend on the speed of the engine, a slow speed 
engine requiring a much shorter duration of con- 
tact than one running at a high rate of speed. 

Repairs. — In making repairs to internal com- 
bustion engines the same method of procedure 
will be followed as would be done in the case of 
a steam engine of a similar type, bearing in 
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mind the fact that lost motion which would 
cause no trouble in the case of a steam engine 
will often be sufficient to prevent an internal 
combustion engine from working. 

The cylinder should be examined, and if worn 
out of round, and tapering, as it probably will 
be, it should be bored, as it is important that 
the bore be perfectly round, straight p,nd 
smooth. As the piston and cylinder take the 
thrust of the connecting rod they wear out of 
round quite rapidly. The piston should be 
about y^ inch smaller than the cyUnder in 
small engines, and about ^ inch smaller in 
large ones, hence when a cylinder is re-bored a 
new piston should always be fitted. As com- 
pression is a vital point, the piston packing 
rings should fit perfectly, both on the inside of 
the cylinder and in the grooves in the piston. 
These rings should be turned from 1 per cent to 
1^ per cent larger than the cylinder diameter. 
Thus for a 6-inch cylinder the ring should be 
from 6xV inches to 6| inches in diameter. In 
turning up these rings, the opening should be 
cut before the outside of the ring is finished to 
size. The ring should then be clamped in a 
jig with the ends sprung together, and while in 
this position the outside should be turned to the 
exact size of the cylinder. Only in this manner 
can a tight ring be secured. In springing the 
ring into the piston grooves, care should be 
used not to distort it any more than neces- 
sary. 

AH valves should be ground in with emery 
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and oil to a perfect bearing. The igniter, if 
of the make-and-break type, should be thor- 
oughly overhauled, and a new movable elec- 
trode made and fitted to the plug. This 
electrode and the plug wear quite rapidly, and 
all lost motion in these parts should be taken 
out. The entire valve motion should receive 
most careful attention, the lost motion being 
taken out of all pins, rollers, cams, etc. 

The crank shaft bearings will probably need 
truing up and the boxes re-fitted; also, the 
connecting-rod brasses. As most internal com- 
bustion engines are what may be termed "high 
speed'' engines, in that the speed of rotation is 
high, too much care can not be used in fitting 
up the bearings. All brasses should butt solidly 
and fairly together, and the pins should work 
easily inside of them. The connecting rod 
brasses should seat squarely on the end of the 
rod, and the rod end itself must be square, 
otherwise when the brasses are tightened up 
the bore will not come fair with the pin and 
heating will be the result. The brasses should 
not bear on the fillets. The crank shaft bear- 
ings must be lined up exactly at right angles 
to the cylinder bore. 

The water jacket should be thoroughly cleaned 
out, as some waters will deposit a large amount 
of scale in a short time. This scale may be 
loosened by filling the jacket with muriatic acid, 
removing it as soon as gas bubbles cease to be 
given off, and thoroughly washing the jacket 
out with clear water. The acid will not attack 
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the iron as long as there is lime present for it to 
work on. 

In conclusion, it may be said that in repairing 
an internal combustion engine, it should be put 
in as near the condition it was when new as is 
possible with the facilities at hand. 



CHAPTER XIX. 
Machine Work — Lathe Work. 

The lathe is the oldest of the machine tools 
and, on account of the great variety of work 
which it efficiently performs, it is the most 
important of these tools. In order to adapt 
it to special conditions the lathe is built in a 
mmiber of forms, and in some cases the modifica- 
tion is so marked that the relationship to the 
original type is almost lost. The conunon form 
of lathe with which the machinist is most 
f amiUar is known as the engine lathe, and follow- 
ing it in the order of development are the various 
types of turret lathes, axle lathes, wheel lathes, 
horizontal boring machines, and finally the vertical 
boring mill, which is simply a chucking or face- 
plate lathe with the chuck or face plate rotat- 
mg in a horizontal plane. 

In a work of this character it will be impossible 
to enter into any description of the construction 
of the various tjrpes above mentioned, hence 
attention will be called to some fundamental 
principles, the observance of which is necessary 
m order to produce good lathe work. In this 
connection it is a common thing to hear machin- 
ists say that such and such a machine will do 
perfect work. Now we all know that in machine 
work there is no such a thing as perfection. 
The best that can be done is to make a piece 
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of work so that it will come within the limits 
of variation specified, and if a piece of work will 
do this it is, to all intents and purposes, perfect. 
Any time spent on further refinement is time 
wasted. The best machinist is the man who 
knows when a piece of work is good enough to 
satisfactorily perform the work intended. 

The errors which occur in lathe work are due 
to a variety of causes, among which may be 
mentioned the following. 

1. Errors in the construction of the lathe or 
those due to wear. Also errors in adjustment. 

2. Spring of the work. 

3. Spring of the tool. 

The errors in the construction of the modem 
lathe are small and for ordinary work will cause 
no trouble. The errors due to wear of the vari- 
ous parts will be variable, depending largely 
on the size of the lathe and the character of the 
work done. The errors due to adjustment will 
generally be found in the centers not being true 
and the defective alignment of the tail stock. 
To produce work turned between centers that 
shall be correct, the centers must be truly cylin- 
drical, must be turned to exactly the same 
angle of cone, and the live center must run true, 
for the following reasons. 

As the work is rotated, the work center will 
wear to fit the dead center. In order to turn a 
piece of work from end to end, it will be necessary 
to reverse it in the lathe in order to turn the 
portion covered by the lathe dog or driver. 
During the first portion of the cut, one work 



LATHE WORK, 



425 



center only will have worn to fit the dead center, 
consequently when the work is reversed, the 
other work center will wear to fit the dead center 
and in so doing it will change its position more 
or less; thus the first turned portion will no 
longer run true. To overcome this trouble 
(which is alwaj^ present) the work should, at 
the first cut, be turned down to nearly the fin- 
ished size and then reversed in the lathe and the 
cut finished. By this time both work centers 
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will have been worn to fit the dead center, and if 
both centers are exactly the same taper or angle, 
it is evident that the work centers will fit either 
lathe center equally well. If the lathe centers 
are not the same shape it is evident that the 
work centers will not nt the Uve center and as a 
result the work will run more or less out of true 
at the live center end. 

For lathes up to 30 or 36 inch swing, the lathe 
centers should be turned as shown in Fig. 1 (a). 
The sides a, 6 and c, d should form an angle 
of 60° with each other and an angle of 30° with 
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the center line c, /. For lathes of larger capacity 
the centers should be turned to the form shown 
in Fig. 1 (6), where the angle between the sides 
a, b and c, dis 70^, the angle between the sides 
and the center Une e, f being 35^. If the angle 
of the centers is made too blunt, the wear of the 
work center will allow the work to drop out of 
Une more than will be the case if the angle is 
less, and therefore the adjustment of the centers 
will have to be attended to closer. 

If the Uve center does not run true the follow- 
ing difficulties will occur. If one end only of the 
work requires to be turned and it can be finished 
without changing the driver, the work may be 
turned straight and truly cyUndrical, but the 
turned portion will not be true with the work 
center at the Uve center end. This piece may 
be removed from the lathe and replaced and it 
will run true provided the position of the driver 
is not changed, and also provided that when 
replaced the tail of the driver enters the same 
slot in the face plate that it occupied when the 
turning was done. If the work is reversed in the 
lathe, the turned portion will run out double 
the amount that the Uve center is running out 
of true. This will be made plain by reference 
to Fig. 2, where a represents the center of rota- 
tion, or axis, of the lathe spindle, and the circle 
6, c, d represents the path of the point of the 
Uve center running out of true. If the spindle 
is true the work will be true with reference to 
the dead center and the axis a of the live spindle, 
but when the work is reversed it will rotate 
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on the work center at the dead center end, 
instead of point a, hence will run eccentric. 
The same thing will be true of the portion 
turned at the dead center end ; hence it will be 
seen that to produce true work it is absolutely 
necessary that the Uve center runs true. 

The best way to keep lathe centers true is by 
grinding them in position in the lathe spindle, 
and most modem shops will have some form of 
a center grinding machine. If both centers are 
to be trued up, the dead center should be trued 
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first, placing it in the lathe spindle in place of 
the Uve center. Before placing the center in 
position for grinding care should be taken that 
the center and the hole in the spindle are per- 
fectly clean, for if there is any dirt present it 
will throw the center out of Une. If the center 
is trued under these circumstances it would run 
true until the dirt was removed or the position 
of the center changed in the spindle, after which 
it would be untrue at once. The dead center 
should be poUshed with fine emery cloth and oil. 



In the absence of & center grinder, the centers 
may be turned true with a tool and finished 
with a water cut so as to leave a bright and true 
surface. They should not be finished by filing 
if true work is to be expected. The dead center 
should be hardened and have the temper drawn 
to a straw color. If no great amount of taper 
turning is done by setting over the tail stock the 
live center may be left soft. If taper turning 
is done, the live center should be haidened and 
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have the temper drawn to a blue color, which 
will leave it soft enough to turn. Live centers 
should not be removed from the lathe spindle 
unless absolutely necessary, as it is often the 
case that the hole for the center in the spindle 
is not absolutely true, and in such cases, while 
the center will run true in one position, it wiU 
not run true if the center is placed in the 
spindle in a different position. In such cases 
the petition of the live center where it runs true 



LATHE WORK. 429 

should be located by marking a line a along the 
center of the lathe center and also a radial line 
6 on the nose of the lathe spindle as shown in 
Fig. 3. The truth of the Uve center may be 
tested approximately by moving the tail stock 
close to the live center and running the lathe 
at its highest speed so that the eye can deter- 
mine whether the live center runs true and also 
whether the dead center is in line with the live 
center. A more correct test will, however, be 
had by using some form of a center indicator. 
These are made in a variety of forms, and a cheap 
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one that any machinist can make is shown in 
Fig. 4. It consists of the piece a, of any con- 
venient length, having well formed centers in 
the ends. The pointer b is placed in the center 
of piece a, and should be as long as convenient. 
If placed between the lathe centers as shown, 
any untruth of the live center will be shown by 
the movement of the end c of the piece 6. The 
longer the pointer 6 is as compared with the 
length of the piece a, the more the error of the 
live center vnH be magnified. Several tests 
should be made, rotating the lathe center about 
a quarter of a turn in the spindle for each test 
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SO as to prove that the center will run true in 
any position. If it will not do this, the position 
in which it does run true should be marked as 
before described. If work as true as possible 
is desired the live center should always be trued 
up after it has been removed from the spindle. 
In order to produce work which shall be paral- 
lel in its length it is necessary that the line join- 
ing the live and dead centers, or the axis of the 
work, shall be parallel to the longitudinal 
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movement of the tool carriage. If the tail 
stock is out of alignment the work will be 
turned larger or smaller in diameter at the dead 
center end, depending on whether the tail stock 
is moved toward the back of the lathe or toward 
the front. The quickest way to test this alignment 
is with a tool shown in Fig. 5. This tool is especi- 
ally valuable where one is operating a lathe with- 
out a taper attachment, and has to set over the 
tail stock frequently. The body of the tool A is 
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drilled and countersunk on opposite sides of one 
end to fit the lathe centers, and on the other end 
there is the screw B, having the head graduated 
as shown. Just above the head is attached the 
graduated scale C. To use, put the tool between 
the centers as shown in the figure, clamp the 
tail stock and turn the tool until it Ues in a 
horizontal position. Turn the screw in until its 
point touches the face plate. Note the reading 
of the screw, move it back two or three turns, 
and indicate by a chalk mark the point where 
the screw touched the face plate. Turn the 
face plate half a revolution, also the tool, and 
take a second measurement. The diflference 
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between this and the first measurement will 
give an indication of the amount the centers are 
out of aUgnment. If the centers are in line the 
two measurements will be equal. 

A more accurate method, but one which 
takes more time, is shown in Fig. 6. Place a 
bar of any convenient length (the longer the 
better), having two collars a and 6, near each 
end, between the centers, and take a light cut 
over each of the collars without moving the 
cross feed screw. Carefully caliper the size of 
the collars, and if they are the same size the 
centers are in line. If not the same size, the tail 
stock must be adjusted one way or the other, 



and the operation repeated until both collars 
are turned to exactly the same size. Two or 
three trials should be sufficient. 

The error in lathe work caused by the spring- 
ing or bending of the work is variable and will 
depend largely, not only on the size ot the work, 
but also on its length as compared with its 
diameter. A short piece having a comparatively 
large diameter will spring less than a long one 
having the same diameter, and where the work 
is sufficiently long or slender as to cause it to 
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bend from its own weight, or bend from the 
pressure of the cut, it must be supported by 
some form of a steady rest. 

The force required to sever the shaving and 
turn it away from the work acts against the 
top face of the tool, tending to spring it down, 
and also reacts in an opposite direction, tending 
to force or bend the work up. It is evident 
that as the tool is started from the end where 
the work is well supported by the lathe center 
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the spring of the work will be less than it 
will be when the tool reaches the center of the 
work. This increase in the spring of the work 
will cause the tool to take a lighter cut and 
consequently the work will be turned to a larger 
diameter. As the tool leaves the center and ap- 
proaches the live center, the work will spring 
less and the tool will take a deeper cut. From 
this it will be seen that the tendency of this 
spring of the work is to cause it to be turned 
larger at the center than at the ends. ^\Tiere 
this spring is enough to make this difference in 
size objectionable, some form of a steady rest 
or follower rest must be used. 

In using a steady rest, if the piece of work is 
to be turned all over, a short portion, situated 
somewhat closer to the live center than the 
center of the work, is turned true and the 
steady rest adjusted to this turned part. This 
adjustment must be carefully made or the shaft 
yAW be sprung out of Une, in which case it will 
not be turned parallel and will not run true 
when the steady rest is removed. By placing 
the steadv rest to one side of the center of the 
work at least one-half may be turned before 
the piece is reversed in the lathe. If the piece 
does not require turning the full length, the 
steady rest should be applied as close to the 
end of the turned portion as possible. 

For rough work that is so slender that it is 
impossible to turn a portion true enough for 
the steady rest, a sleeve or "cat head," shown in 
Fig. 7, is employed. This consists of the body 



a, which is turned true and has three or four 
set screws in each end. The set screws are so 
adjusted to the work that the outside of the 
body a runs true from end to end, and the 
steady rest is adjusted to the body. If the 
work is to be turned all over, the "cat head" 
should be placed closer to the live center than 
the dead center, and, after turning one-half of 
the work, it is reversed, the "cat head" removed 
and the steady rest adjusted to the turned por- 
tion. The follower rest is similar to the steady 
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rest except that it is fastened to the tool car- 
riage and travels with the tool. To use it a 
short part is turned on the work close to the 
dead center and the rest adjusted to the turned 
part. 

The method of driving the work sometimes 
produces strains tending to spring the work 
more or less, depending on circumstances. 

Fig. 8 (a) shows the common bent tail lathe 
dog in position to drive a piece of work. The 
work is secured in the dog by the set screw b. 
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The tail of the dog is bent around to enable it 
to pass into the slot in the face plate. This is 
a very convenient driver and is probablv used 
to a greater extent than any other type, but by 
its shape two strains are set up, both of which 
tend to spring the work. 

The firat of these strains is caused by the 
leverage exerted by the tail of the driver, and 
its force depends on the distance a which the 
live center extends out from the face plate. 
The live center acts as a fulcrum from which 
the work is bent by the strain caused by the 
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cut. The second strain is caused by driving the 
dog from one end only, and is shown in Figs. 
8 (6) and 8 (c). In Fig. 8 (6) the tool is shown 
at the front of the machine and the tail of the 
driver is at the back. The strain of the cut 
exerted by the tool tends to bend the work 
upward as shown by the arrow a, while the 
strain exerted bv the driver tends to bend the 
work downward as shown by the arrow h. 
When the lathe has made one-half of a revolu- 
tion the tail of the dog will be on the same side 
of the work as the tool, as shown in Fig. 8 (c). 



Here the strain of the tool is exerted to spring 
the work upward and the strain of the dog is 
also exerted in the same direction. In the first 
case it is the difference between the two forces 
which tends to spring the work and in the 
second case it is the sum of the two forces. It 
will be readily seen that if the strain of the cut 
is constant, the resultant force tending to 
spring the work will vary constantly through- 
out each revolution and wilt also change as the 
tool moves along the work towards the live 
center. Hence work driven in this manner is 



Fig. 10 

liable to be turned untrue, or "out of round" as 
it is commonly called. 

The above defects are overcome by using 
various forms of equaKzing drivers and double 
tailed dogs. If the latter are used, care must be 
used to see that the two driving pins have an 
equal degree of contact with the driver, or the 
advantages of this method of driving will not 
be secured. 

The errors in lathe work caused by the spring 
of the tool are generally governed by the posi- 
tion of the tool with reference to the center of 
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the work, the variation in the depth of the cut 
and the shape and size of the tool. 

Referring to the first, the height of the tool 
with reference to the work is a very important 
point. Referring to Fig. 9, the Une a, a repre- 
sents the horizontal center line of the work; b 
represents the tool block, and the point c will 
be the point of support of the tool, and therefore 
the fulcrum or point from which the tool will 
bend. It is evident that if the tool springs 
under the pressure of the cut, its motion will 
be in the arc of a circle d, d, having the point c 
for a center, and will spring into the work an 
amount depending on the distance the point of 
the tool is set above the center line of the work 
a, a, and also on the horizontal distance e which 
the point of the tool extends beyond the point 
of support. 

Referring to the second condition, the amount 
the tool will spring under given conditions of 
support and height will vary with every change 
in the depth of the cut or the hardness of the 
metal ; also, as the tool becomes dull the spring 
will increase on account of the increased force 
necessary to force it to its cut. 

In view of the above facts, it is evident that 
to produce work that shall be most true the 
point of the tool should be set level with the 
center line of the work. There are, however, 
three advantages derived from setting the tool 
above the center line, as follows : first, it severs 
the metal easier; second, the tool may be given 
more bottom rake without increasing the clear- 
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ance; third, the pressure of the cut will act to 
produce a pressure against the cross feed screw 
which will keep any lost motion in the parts 
taken up. For roughing cuts the tool should 
be of such shape that it may be set above the 
center of the work, while for finishing cuts 
where the greatest possible truth of the finished 
work is desired, the tool should be set on a line 
with the center of the work. 

In general, the errors due to the spring of the 
tool may be reduced to a minimum by using 
tools with heavy shanks, clamping them in the 
tool block with as Uttle overhang as possible, 
and keeping all joints in the tool slide and 
carriage tight. 

Another, source of error in work turned be- 
tween centers is due to poorly formed work 
centers. Every good machinist knows that in 
order to produce true work, the piece operated 
on must have square ends, and these enas must 
have correctly formed centers in them. ^ The 
practice of forming the work centers by simply 
prick punching them, while a very common 
practice, should not be tolerated except for 
the very roughest kind of work. 

If an attempt is made to center a piece of 
work, the end faces of which are not square, the 
countersinking will not be true with the center 
hole, and the causes which produce this untruth 
will also operate to throw the work out of true 
while it is being turned. Fig. 10 shows a piece 
of work having an untrue end. As the' side a 
is higher than the side 6 the smaller bearing 
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area at 6 will cause the most wear to occur at 
that point, therefore the wear of the work on 
the center will move the countersink over 
towards b. The work centers, should be the 
same angle as the lathe centers for the reasons 
given in the remarks relative to correctly 
formed lathe centers. However, they may be 
made of a slightly greater angle, say one degree, 
than the lathe centers, as shown in Fig. 11. In 
this case the center hole fonns a guide for the 
lathe center and will tend to cause the work 
center to wear true with the center hole, and 



Fig. 11 

if this difference of angle is not too great the 
work center will wear to fit the dead center 
very rapidly, usually before the first cut is 
carried over the work. On the other hand, if 
the work center is reamed, as shown in Fig. 12, 
it will bear on the lathe center at the mouth 
and will wear true with the countersinking, and 
if this countersinkii^ is not true with the center 
hole, the work is liable to run out when the 
dead center is fuUy bedded to the dead center. 
The method to be employed for centering 
work will depend largely on the facilities at 
hand. For anall work a centering machine is 
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generally provided if there is any great amount 
of this work to be done. Work which requires 
to be straightened and tried for straightness in 
the lathe should be centered temporarily, and 
not center-drilled until after the straightening 
has been done. When work is centered bv 
hand, and the center located with a prick punch 
preparatory to drilling, the center is located by 
using a center square, hermaphrodite calipers, 
V-blocks and surface gauge, or ^'bell center." 
In this case the drilUng and reaming of the 
centers must be done in the drill press, or lathe, 
by first drilling a hole from A inch to A inch 
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in diameter, and from ^ inch to 1 inch deep, 
depending on the size of the work, and the 
amount to be cut off to bring it to length, and 
then forming the centers with a center reamer. 
Work that has very uneven ends should be 
simply drilled and not reamed until the work 
ends have been squared up. 

The subsequent truth of the work will depend 
almost entirely upon the care exercised in cor- 
rectly centering the work and upon the truth 
of the lathe centers. 

Work that has been turned, and from which 
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the centers have been cut off, may be re-centered 
as follows: The ends of the work should have 
small prick-punch centers located as accurately 
as possible. The dead center is replaced with 
a "square center/' shown in Fig. 13, which has 
the conical end provided with four flat sides, 
thus fonning four cutting edges. The work is 
then placed in the lathe with a driver on it, and the 
butt end of a tool is fed in against the revolving 
work until it runs trae (see Fig. 14). The 
square center is then fed up slowly and into the 
work, using plenty of oil. If the work runs 




Fig. 13 

out, the tool should be fed in again, but be 
careful not to feed it too far. As long as the 
square center is altering the position of the 
center in the work, it will feed forward by jerks, 
and as soon as it seems to feed steadily, the tool 
should be withdrawn and the work observed 
to see that it is running true. The square 
center should be a few degrees more acute in 
taper than the dead center, in order that the 
point of the dead center will not bed at the 
ix)ttom of the work center. The work should 
be tried for truth with the dead center in place, 
as the square center is apt to enlarge the work 
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center and the work will not run steadily. Care 
should also be taken not to cut the work centers 
too large. This may be avoided by feeding the 
tool up rapidly to the work until it runs true, 
and feed the square center in only enough to 
hold the work steady. The end of the tool 
should be ground smooth and be freel}^ lubri- 
cated so that it will not score the finished 
surface of the work. 

Plain Cylindrical Turning. In turning plain 
cylindrical work the following points shouW be 
considered. 




Fig. 14 

The work should be cut ofif to length, making 
sufficient allowance for squaring up the ends. 
The amount of this allowance wiU depend on the 
method used in cutting ofif the stock. If a 
cutting off machine is used, ^-inch will prob- 
ably be sufficient; if a power hack saw is used, 
the allowance should be about -jVi^ch if the 
saw is running reasonably true; if the work is 
cut ofif in the blacksmith shop, or if it is a forg- 
ing, the allowance should be from Hnch to 
i-inch. 
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After centering the ends should be squared 
up with a side tool, and the piece made the cor- 
rect length. If, in doing this, a considerable 
amount of stock is removed, the piece should be 
re-centered. 

The next step wiU be to take a roughing cut, 
starting from the dead center end, which will 
reduce the work to within about ^inch of the 
finished size. This cut should be carried far 
enough along the work so that the work center 
at this end will have worn to a good bearing 
with the lathe center. The work should be 
removed from the lathe, the carriage traversed 
back to the tail stock without moving the cross 
feed screw, the work reversed, and the roughing 
cut carried across the balance of the piece. The 
finishing cut may now be taken. 

Whenever practicable a piece of work should 
be roughed out all over before any part is 
turned to finished size. This for the reason that 
all metal work changes its form when the surface 
or skin is removed, on account of the relieving 
of the fiber strains due to the forging or rolling. 
In the case of castings these unequal strains are 
set up by the unequal cooling of the metal in 
the mould. 

Roughing cuts should always be taken with 
as coarse a feed and deep a cut as possible, as 
the object is to remove the surplus metal 
rather than produce a finish. The maximum 
amount of metal will be removed in a given time 
by using a deep cut and coarse feed, reducing 
the cutting speed if necessary. The finishing 
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cut should also be taken with as coarse a feed 
as the conditions will admit, for the coarser the 
feed the less time the tool will be in service and 
consequently the wear of the cutting edge will 
be less than it would be if the feed were finer. 
The coarseness of the feed and consequently 
the width of the cutting edge of the tool which 
can be used for taking the finishing cut will 
depend on the strength of the piece being 
operated on to resist springing, and also on the 
stiffness or rigidity of the lathe and tool. On 
cast iron, the other conditions being equal, the 
feeds may generally be coarser than for wrought 
iron and steel, because the cast iron cuts easier 
and therefore the work and tool will spring less. 
But as cast iron has a tendency to break out 
before the cutting edge of the tool, the finishing 
cut should be very light. Brass work should be 
finished with a comparatively fine feed and very 
quick cutting speed. 

In finishing wrought iron and steel in the lathe 
a very high finish is secured by using a sharp 
tool and using a saturated solution of soda on 
the tool. The soda in the water will prevent the 
rusting of the work and machine. 

In modem shop practice a great deal of the 
iron and steel work which was formerly finished 
in the lathe is now finished by grinding. This 
gives a much better finish than is possible to get 
in the lathe and furthermore it is quicker and 
more accurate. 

Turning Taper Work. — ^There are four methods 
of turning tapered work in general use, as follows : 
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1. The dead center is set out of line with the 
live center. 

2. The lathe may be provided with a special 
attachment for controlling the movement of 
the cross slide, called a taper attachment. 

3. The taper may be turned by swiveling 
the compound rest to the correct angle. 

4. A special lathe may be used in which the 
head and tail stocks are on a separate bed, 
which may be set at an angle to the ways 
governing the movement of the tool carriage. 

The first method can be used only for turning 
outside surfaces, or by means of a suitable 
traveUng head boring bar inside tapered holes 
may be bored. The last three methods are equally 
suitable for outside or inside work. 

The amount of taper is expressed in several 
diflferent ways, the most conmion one being to 
give the difference in the diameters which the 
two ends of a given taper would have if the 
taper were one foot long. Thus if a taper is 
marked as being |-inch taper per foot, it means 
that the difference in the diameters of a tapered 
piece one foot long would be |-inch. It may 
also be expressed as the difference in the radii. 
In the case of keys, wedges, etc., the expression 
generally means the difference in height in 
inches of the two ends of a piece one foot long. 
Sometimes it is expressed as a ratio, as ''taper 
1 in 16,'' ''2 in 17," etc. Sometimes the in- 
cluded angle is given as a taper of 60 degrees, 
which would mean that the angle included 
between the inclined sides will measure 60 
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degrees. Owing to the above different methods 
of expressing the degree of taper, unless you 
are absolutely sure as to just what is intended 
the only safe way is to ask someone who does 
know. 

While the first method of turning tapers is 
used to a greater extent in general machine 
shop work than any of the others, it has several 
disadvantages, among which are the following: 

As the axis of the work is thrown at an angle 
to the lathe centers, the work centers wear 
quite rapidly, and generally out of true for the 
following reasons : 




Fig. 15 

In Fig. 15 is shown a piece of tapered work 
supported on the lathe centers. A is the live 
center and B the dead center. The line C, C is 
the axis of the live spindle, and is parallel to 
the ways guiding the tool carriage. The line 
a, 6 is the axis of the work. It will be noticed 
that each lathe center touches the work centers 
at two points only. Since the work rotates on 
the dead center the tendency is to wear away 
the inside and outside edges of the work center, 
making it a bell-shaped form. At the live 
center end there is a reciprocating movement 
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between the centers which tends to wear the 
work center in the same manner, but in a lesser 
degree. This wear of the centers makes it 
difficult to turn a true taper, and if a portion of 
the w^ork is parallel it will be impossible to get 
the tapered part to run true with the paraUel 
portion. 

The amount which it will be necessary to set 
over the tail stock to turn a given taper may 
be arrived at in various ways. 

First, it may be calculated. Suppose it is 
desired to turn up the piston rod as shown in 




Fig. 16 

Fig. 16. The length of the rod is 50| inches, 
the taper of the piston end is given as \ inch in 
9 inches, and the taper of the cross-head end is 
given as | inch in 12 inches. Dividing \ inch 
by 9 inches gives A inch, the taper in one inch. 
Assuming that the lathe centers will enter each 
end of the work iV inch, we can figure on 50 
inches as being the distance the lathe centers 
will be apart. Multiplying ^ inch by 50 inches 
gives us H inch, the total taper in a piece 50 
inches long. The tail stock will have to be 
ofiF-set one-half of this, or H inch, which is 
equal to W inch nearly. For the cross-head 
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end the taper is | inch in 12 inches. Dividing 
I inch by 12 inches gives /g inch, the taper in a 
piece one inch long. Multiplying vV inch by 
50 inches gives V/ inches, the total taper in a 
piece 50 inches long. The tail stock must be 
set over one-half of this, or l^V inches. As it 
is impossible to get the exact distance the lathe 
centers will enter the work, this setting will 
only be approximately correct and further 
adjustment will be necessary after the tapered 
portion is tried into its seat. 

Another method of determining the amount 
to set over the tail stock is as follows : 




Fig. 17 

The taper of the piston end is J inch in 9 
inches, and instead of figuring the total taper 
in a piece 50 inches long, we may set the tool 
at a point 18 inches from the live center and 
adjust the point of the tool { inch from the 
work. Then set over the tail stock until the 
work just touches the tool. For the crosshead end 
the tool would be set 2 feet from the live center, 
and adjusted | inch from the work, and the tail 
stock set over as before. This setting ^^411 be 
correct, no matter what the length of the piece 
mav be. 
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In case the taper per foot, or per inch, etc., is 
not given the setting would be arrived at in 
the following manner: Suppose a piece is to 
be fitted to a hole which is ^V-i^ch taper in 
3J inches. Multiply the amount of the taper 
and the length of the taper by some convenient 
number, say 5 : jV x 5 = 1^", and 3 J x 5 = 19J". 
Set the tool 19f inches from the live center, and 
adjust it to one-half of l^V inches, or |^ inch 
from the work. Set the tail stock over until 
the work just touches the tool. 

When the taper per foot or per inch is not 
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given, but the two diameters are given with 
the distance between them, as shown in Fig. 17, 
a different method is necessary. We may take 
a cutting-oflf tool and cut notches in the work 
at a and 6, as shown in Fig. 18, to within about 
^ inch of the required sizes at the ends of the 
taper, and then adjust the lathe so that the 
bottom of the notches will measure the same 
distance from the tool c. Various methods 
are used for making this measurement, and as 
good a one as any is to use a thin wedge with a 
fine scribed across it, setting the lathe so that 
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the scribed line will come fair with the top of 
the tool in each position. A very convenient 
tool for this purpose is shown in Mg. 19, which 
consists of a shank A with a pivoted pointer 5, 
which can be moved like a caliper leg. This 
tool is clamped in the tool post and is adjusted 
so that the pivot is the same height as the lathe 
centers. It is then moved opposite one of the 
notches and the cross slide adjusted until the 
pointer will just touch the work. The tool is 
then moved opposite the other notch, the 
pointer being turned out of the way, and if the 
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tail stock is adjusted correctly, the pointer will 
touch the work with the same degree of pressure 
that it did in the first instance. 

Another method, which is very similar to the 
foregoing, consists of turning to two diameters, 
as shown in Fig. 20, the work being turned to 
the smallest diameter of the tapered part up to 
its beginning, and to the diameter of the largest 
portion of the taper up to the end of the taper. 
The proper adjustment of the tail stock is made 
in the manner just described. 

It must be understood that all of these settings 
will be approximately correct only; the final 
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adjustment must be made by trying the piece 
into the socket in which it is to fit. 

As before stated, in turning tapers with the 
tail stock set over, the wear of the centers will 
throw the work more or less out of trae, and 
the question arises, in turning up a piece of 
work having tapered and parallel portions, 
which part shall oe finished first in order that 
the maximum degree of truth be obtained? 

It will be found in practice that the work will 
be more true if the tapered portion is turned 
last, as the work centers will alter less when 
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changed from parallel to taper turning than 
when changed from the latter to the former. 
However, in cases where there are parts fitting 
the tapered portion which are required to be 
turned after fitting together, as in the case of a 
piston, it wiU be better to finish the parallel 
part last and at the same setting turn up the 
part fastened to the tapered portion. In the 
case of the piston rod, shown in Fig. 16, the 
parallel portion should be roughed out first, then 
the tapers finished and the thread cut on the 
piston end. The piston head, which has been 
roughed out in the chuck, is then secured in 
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position, and the parallel portion of the rod 
and the piston are finished. 

Where the lathe is equipped with a taper 
turning attachment, the process is much simpler. 
In all these attachments there is some form of 
mechanism for moving the cross slide directly 
from a guide bar which is set at the required 
angle to the axis of the lathe. This movement 
of the cross sUde is independent of the cross-feed 
screw, and at the same time the adjustment 
of the tool is made in the usual manner by the 
cross-feed screw. The guide bar is generally 
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marked on the end with divisions representing 
various tapers per foot, but in some cases the 
divisions represent degrees of angle. The only 
objection to this form of attachment is the lost 
motion between the various parts which usually 
exists, and this must be taken up before the 
cut starts by starting the cut far enough beyond 
the end of the work so that by the time the tool 
has fed up to the work the lost motion will have 
been taken up. 

For boring taper holes in a lathe not equipped 
with a taper attachment, and for turning and 
boring steeper tapers than can be done by 
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off-setting the tail stock, or by using the taper 
attachment, the compound rest ia used. This 
detail of lathe construction is so familiar that 
an extended description is unnecessary. Its 
construction is such that the upper slide which 
carries the tool may be set and secured in any 
angular position with the cross slide . The 
length of cut is limited, but as most steep tapers 
are short it will seldom be necessary to re-set 
the tool. 

The correct setting of the compound rest is 
secured in various ways. Generally the base 
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of the upper slide is graduated in degrees, so 
that, if the angle of the taper is given, the slide 
may be set easily. If the degree of taper is not 
given the setting may be secured as follows: 
Suppose it is desired to bore the hole in the 
casting, shown in Fig. 21. Draw two lines a, b 
and c, d at right angles to each other, and from 
the point of int«r-section e lay off on line a, 6 
the distance e, b equal to 10 inches, the length 
of the taper. From e on the line c, d lay off the 
distance e, d equal to 2 inches, which is half the 



difference of the two diameters of tiie hole. 
Draw a hne through d and h, and measure the 
angle /, or set a bevel square to hnes c, d and 
d, b. The compound rest may then be set to 
the bevel by using it, as shown in Fig. 22. 

The fourth method of turning tapers will not 
be discussed, as the style of lathe mentioned 
will seldom be found in railway shops. 

In turning tapers it is absolutely necessary that 
the point of the tool be set at the exact height of 
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the lathe centers. This is a point that is often 
overlooked, and if it is not attended to the taper 
will have a curved outline along its length, and 
the taper will not be that for which the machine 
was set. Lack of space will not allow a dis- 
cussion of why this is so, therefore the reader 
will have to take the author's word for it. Any 
variation in setting the tool either above or 
below the center will result as above, and is 
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true no matter what method is used in getting 
the taper. Attention to this detail will save 
lots of hard filing in order to get the taper to 
bed properly in ita socket. 

After a roughing cut has been taken over a 
taper it should be tried in the piece it is intended 
to fit. If one end of the taper is too small it 
will be shown by moving the projecting end in 
various directions, carefully notir^ at which 
end of the taper there is the most movement. 
The lathe should be adjusted to correct this 
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error and another light cut taken, after which 
the piece should again be tried in the socket. If 
no movement is perceptible, three chalk lines 
should be made along the length of the taper, 
smoothing the Unes with the finger. Then 
while pressing the taper firmly to place it should 
be revolved in an opposite direction to that 
which it had while in the lathe. Upon removing 
the work the condition of the chalked surfaces 
will show where the bearing is. Generally, 



tapere must fit the holes exactly and go in a 
certain distance. Thus, in the case of the piston 
rod, shown in Fig. 16, the taper at the piston 
end must fit when the shoulder is against the 
piston. At the other end, the rod must bottom 
in the cross head when the taper is drawn home. 
Having fitted a taper as accurately as possible 
with the lathe tool it should be left slightly 
large, so that the final fitting may be done by 
fihng or grinding. 
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Chvck and Face Plate Work. — For holding 
work which cannot be operated on between 
centers various forms of chucks and face plates 
are used, and this kind of work, which consists 
largely of drilling, boring and radial facing 
operations, is designated as chuck or face 
plate work. 

Lathe chucks are divided into three general 
classes, depending on how the jaws are operated, 
as universal, combination and independent jawed 
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chucks. As there are a large number of different 
designs of these chucks in use, no attempt will 
be made to enter into a detailed description 
of them other than what follows. 

In the universal chuck the construction is 
such that all the jaws move in and out together. 
They are made with either two, three or four 
jaws, and the choice of the number of jaws will 
depend on the character of the work being 
handled. Generally the three-jawed chuck is 
to be preferred, as it is less liable to wear out of 
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true, but it has the disadvantage that it cannot 
be used for square work. These chucks when 
new will center work very accurately, but 
seldom remain true for any length of time, and 
their use is limited to milling and grinding 
machine heads, screw machines, cutting-off 
machines, etc.> where it is desired to quickly 
center the work. 

The combination chuck is so constructed 
that the jaws may be operated together or 
independently. They require considerable care 



to keep them in good condition. For some 
kinds of work this type of chuck proves very 
satisfactory. 

In the independent jawed chuck, as its name 
indicates, the jaws move independently. This 
construction enables it to be made "stronger 
than either of the other types, and for general 
purposes if will prove more satisfactory. 

For special work, where the quantity is 
sufficient to warrant the expense, the form of 
chuck is made to conform to the special re- 
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quirements of the work, hence special chucks 
are to be found in large numbers. 

The lathe face plate is a large circular plate 
having a series of slots or holes in the face by 
means of which the work is secured to the plate 
by bolts and clamps or some form of chucking 
dogs. Large lathes often have a set of adjust- 
able jaws by means of which the face plate is 
converted into a very good independent jawed 
chuck. 
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The wear of the various parts of a chuck, 
especially that of the jaws in the slots, tends to 
throw the work out of true when the jaws are 
tightened, and sometunes it requires consider- 
able ingenuity on the part of the lathe hand to 
satisfactorily chuck a piece of work so that it 
wiU run true. This class of work requires the 
most skillful handling, for the reason that in 
chucked work the relative truth of the various 
surfaces cannot generally be observed, and the 
truth of tl;ie work will depend almost entirely 
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on the truth of the chucking. Again, the 
order in which the various surfaces may be most 
advantageously machined in order to insure 
the maximum of truth and economy of time 
demands cfft^ful consideration. 

The truth of work held in chucks, or secured 
to face plates, will depend upon the truth of 
the chucking and the truth of the chuck or face 
plate. 

The errors in the chuck or face plate may be 
overcome by the proper setting of the work. 
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but in order to save time and trouble the chuck 
or face plate should be as true as it is possible 
to get it. Chucks, especially those of the 
universal type, should be handled with care, as 
their value depends upon their ability to hold 
work true. 

Before putting a chuck on the lathe spindle, 
the threads of both, and the radial faces of the 
chuck hub and spindle collar, should be carefully 
cleaned, as the dust on those faces will throw 
the face of the chuck out of true an amount 
that will be of considerable importance at the 
circumference. 

The chuck should be held against the nose 
of the spindle and the thread caught by turning 
the lathe by hand. If an attempt is made to 
start the lathe by power and hold the chuck to 
the spindle, expecting the thread to catch 
square, it is liable to result in damage to both 
the chuck and the lathe spindle. Neither 
should the chuck be allowed to jam hard against 
the collar, as this will sometimes cause it to 
stick so hard that difficulty will be emerienced 
in removing it, and the chuck may be damaged. 
Good chucks are expensive and should be treated 
with consideration. 

As before stated, the principal cause of error 
in chucks is the wear between the jaws and the 
slots which gives them play and allows them to 
cant over. Referring to Fig. 23, which sho\^^ a 
chuck holding a piece of work A, any wear 
between the jaws and the slots will permit the 
jaws to move in the direction of the arrows a 
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and 6, the faces of the jaws then standing in the 
direction of the lines c and rf, instead of being 
parallel to the face of the chuck. If the wear 
is equal for each jaw the work would be held 
true, but as such is seldom the case the face of 
the jaws form no guide for setting the work 
true. If the jaws are applied within the work 
the spring will be in the opposite direction, 
tending to throw the work out of true in the 
direction of the lines e and /. 

In the case of face plates, if there is any error 
in the truth of the surface, it is better to have 
it hollow than roimding when tested with a 
straight edge, as in that case a given amount of 
error in the plate will produce less error in the 
work, for the following reasons : 

Referring to Fig. 24, F is a face plate, which 
is hollow across its face, having the hanger H 
chucked to bore the hole through the hub A. 
The line a, a represents the center line of the 
lathe, or line of the tool traverse, and the line 
6, 6 the center line of the hub B. As the lines 
a, a and 6, 6 are not parallel it is evident that 
the holes through the hubs will not be parallel. 
Suppose that the chuck face was rounding, then 
the center line of the hub B would stand in the 
direction of the line c, c, and the holes in the 
hubs would be bored out of parallel in the op- 
posite direction. In this case the error due to 
the plate being hollow or rounding would be 
equal, but opposite in direction. 

Referring to Fig. 25 (a) and (6), which shows 
a cylinder head held to a face plate by bolts 
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and clamps. In the first case (a) it is evident 
that the head will be chucked true, notwithstand- 
ing that the face of the plate is hollow. If the 
face of the plate were rounding, as shown at 
(6), the head might be chucked as shown, the 
surface bearing against the face of the plate 
not being at a right angle to the center line of 
the lathe. The truth of the chucking in the 
second case would depend upon the equal 
tightening of the clamps upon the work. 

The truth of the chucking upon a hollow 
plate will depend upon whether the work ex- 
tends equally on both sides of the center line, 
but in any event the work will be chucked with 
more truth than can be done if the plate is 
rounding. 

While, by using proper precautions, true work 
may be produced with untrue chuck plates, it 
is better to true up the plates so that the face 
of the work bolted against it will be true and 
stand at a right angle to the center line of the 
lathe spindle. 

In truing up a face plate, the live spindle 
bearings should be so adjusted as to take up all 
lost motion in them, also all end motion should 
be taken up, and a bar should be placed between 
the lathe centers to further steady the spindle. 
The tool should be fed into the work by placing 
the longitudinal feed nut in gear and operating 
the feed rod by hand. This will take up all lost 
motion in the feed gear, after which the carriage 
should be firmly locked in position. 

In securing the work in chucks or to face 
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plates^ care must be taken in tightening the 
clamping devices, or the work is apt to be sprung 
more or less. Again, the work will alter in 
form as the surface metal is removed, and for 
this reason, especially if the work is light, it is 
well to loosen the chuck jaws or clamps some- 
what before taking the finishing cut. 

As a large portion of the chuck and face plate 
work which was formerly done in lathes is now 
performed in vertical boring mills, these re- 
marks apply with equal force to both machines. 

The methods to be pursued in chucking work 
may perhaps be best set forth by giving some 
examples, the first being that of machining the 
circular plate shown in Fig. 26. 

If the hole is cored true a universal chuck may 
be used, and in case the work does not run true 
it may be turned around in the chuck and tried 
in various positions. If it cannot be made to 
run true by this, method, packing pieces may 
be used between the various jaws and the work. 
However, if the work is so much out of round 
as to require this trouble, it will be better to 
use an independent jawed chuck. 

In setting a piece of work in an independent 
jawed chuck, the jaws should first be set to 
approximately the size of the work, and also 
concentric by reference to the circles scribed 
on the face of the chuck. If the work is heavy 
it should be supported^ against the chuck by 
means of a block of wood placed between the 
work and the dead center. The jaws are then 
tightened sufficiently to hold the work, and the 



lathe is run at a moderately fast speed. The 
truth of the work is tested by holding a piece 
of chalk against the circumference and the 
radial face. If the work is running true the 
chalk will touch equally at all points. If not 
running true the chalk will touch the high side 
only. Thus, in Fig. 27, if the chalk touches 
the circumference, as shown by the line a, b, it 
would indicate that the two jaws opposite the 
ones marked 1 and 2 should be loosened, and 
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jaws 1 and 2 tightened, thus moving the work 
m the direction of the arrow. If the chalk 
should touch opposite one of the jaws it would 
indicate that the opposite jaw should be loosened 
and the one next the mark tightened. If the 
chalk should touch the radial face, as shown 
by the line c, d, it indicates that this portion 
of the plate should be set in toward the chuck 
or the opposite side forced out. In this manner 
all parts of the work should be tested, and the 
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setting altered until all parts run sujQBciently 
true to enable them to be turned to the re- 
quired dimensions. 

If, as shown in Fig. 28, the cored hole is very 
much out of center, and this piece is chucked 
so that the outside runs true, the hole will be so 
far out of true that it could not be bored out 
to the finished size. Also, if the cored hole is 
set true the outside could not be finished to 
size. In such cases, the piece should be set so 
that both the outside and the cored hole will 
run out of true sufficiently to enable them to 
be finished to size. 

In face plate work the work is generally 
held to the plate by means of clamps and bolts 
applied somewhat after the manner shown in 
Fig. 29, where W is the work, a the plate, 6 the 
bolts, and c the blocks or packing pieces, for 
supporting the ends of the plates or clamps. 
With this method of securing work the following 
precautions are necessary: The height of the 
packing pieces should be such as will cause the 
clamps or plates a, a to stand parallel with the 
face plates. Suppose the piece is clamped, as 
shown in Fig. 30, where the piece c is too high 
and the piece c' is too low, then in setting the 
work true it will be found difficult to move it 
in the direction of the arrow, for the reason 
that the moving it in that direction acts to 
force it further under plate a, and therefore to 
tighten it. In the case of plate 6, the packing 
piece will be gripped tighter by the plate than 
the work, and therefore the work will be liable 



to move under the pressure of the cut. The 
plates should also be placed in such a position 
that they will tend to push the work in driving 
it rather than pull it. The bolts should be 
placed as close to the work as possible, because 
m this position a lai^er proportion of the bolt 
pressure will fall upon the work than on the 
packing piece. Bolts longer than necessary 
should not be used, as the extra length projecting 
beyond the surface of the work may prevent 
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the slide rest from traversing close up to the 
work, thus necessitating the tools being ex- 
tended further from the tool post, which is 
always objectionable. 

In case there is a projection on the work which 
will prevent the surface that should go against 
the surface of the face plate from meeting the 
latter, parallel pieces are used. These are 
pieces of metal of various widths and thickness. 
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the corresponding dimensions of the pieces 
being exactly the same. These pieces are 
placed between the face-plate and the part of the 
work which is to be the basis of the chucking. 
An example of the use of these pieces is shown 
in the chucking of a rod strap, with the brasses 
in place, to have the brasses bored and faced, 
(see Fig. 31). 
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Fig. 34 

The object is to chuck the brasses true with 
the face A of the strap, and this is accomplished 
by using the parallel pieces B, B. The clamps 
C, C must be placed directly over the parallel 
pieces, otherwise the pressure will bend the 
work. In some shops it is the practice to plane 
the outside faces D of the straps slightly taper, 
in which case, if it is desired to have the inside 
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face of the brass E absolutely true, it will be 
necessary to place sufficient packing between 
the upper parallel piece and the strap to bring 
the face D of the strap parallel with the face 
plate. The brass is set to the scribed Une a, a, 
and should be bored about -^ inch larger than 
the pin. The side flanges should be faced so 
that the brass will have from -^ inch to Vt ii^ch 
lateral motion. 

For drilling out solid stock in the lathe, 
either a twist drill or flat drill may be used. If 
the twist drill is used some form of a special 
holder or socket must be used. This socket 
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Fig. 32 



may fit the tail spindle, or may have a lai^e 
center in the end to take the dead center. Such 
a holder is shown in Fig. 32a. 

In using any drill, and especially a twist drill, 
it is necessary that it be started true, and any 
changes must be made before the outside 
comers enter the work. For starting a drill 
true the tool shown in Fig. 32b is used as shown. 
It is forged with a thin flat point which is ground 
similar to the point of a flat drill. If such a 
tool is not available a twist drill may be started 
true by placing a lathe tool in the tool post and 
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adjusting it so that the butt end touches the 
drill. This will steady the point of the drill so 
that it will generally start true. 

The common flat drill is shown in Fig. 33(a), 
and needs no description. The center in the 
end a should be deep in order to prevent the 
drill jimiping off the center. In using this 
drill a holder shown in Fig. 33(b) is used. This 
is a flat piece of iron or steel with one end having 
a slot cut through to allow the drill to pass 
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Fig. 33 

through, and this end is bent at an angle, as 
shown. 

In using the flat drill to enlarge a cored hole, 
the holder is clamped in the tool post so that the 
slot comes opposite the center of the hole. The 
drill is passed through the slot and fed up to 
the work by the tail spindle, the holder prevent- 
ing the drill from turning. If, owing to the 
cored hole being out of true, the drill shows a 
tendency to wabble, in order to start it true it 
will be necessary to place a wrench on the drill, 
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as shown in Fig. 34. By placing pressure on 
the wrench, as shown by the arrow, the drill is 
cramped in the holder, and one side only will 
cut, thus truing up the hole. The pressure on 
the wrench is relieved, and the drill fed in 
further, and it will probably run true; if not, 
the operation must be repeated. 

For further enlarging cored holes, or holes 
previously drilled through solid stock, the flat 
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reamer, shown in Fig. 35, is used in the same 
manner as the flat drill. These reamers are 
made from flat steel, and are turned parallel for 
a short distance to a diameter equal to the 
diameter of the finished hole. The cutting is 
performed by the front edges a and 6. If these 
drills or reamers are carefully made they may 
be depended upon to produce accurate holes in 
stock having no blow holes in the bore. 

However, for finishing holes to exact size, any 
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of the various forms of rose, three-fluted or 
fluted-chucking reamers should be used. 

Where holes of odd sizes are to be produced, 
the boring should be done with a boring tool 
held in the sUde rest. If the holes are of small 
diameter especial care must be taken that the 
tool is so ground and set that it will have proper 
clearance. The first cut should be as heavy 
as the tool will stand, so as to clean up the hole 
aU around, after which one or more finishing 
cuts may be taken to bring the hole to exact 
size. Sometimes a more accurate bore is se- 
cured by taking the last cut from the head 
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stock toward the tail stock, as in this case the 
tool is under tension, and the spring is less. 

For boring holes in work that cannot be 
conveniently secured to the face plate, or where 
the holes are long, the work is secured to the 
lathe carriage, and the boring is done by means 
of a tool held in a bar secured between the lathe 
centers and rotated by means of a suitable 
driver. Fig. 36 shows a common form of a 
boring bar in which the tool a is held by means 
of the wedge 6. The cutter is generally turned 
to the desired diameter before hardening, and 
the cutting is done by the two edges c and d. 
The bar must be at least twice as long as the 
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hole to be bored. The work to be bored is set 
central with the bar. 

For boring large holes various styles of 
traveling head-boring bars, having a number 
of tools affixed to the head, are used. In using 
this style of bar the truth of the hole will depend 
largely upon the truth of the bar, and the tools 
should be carefully set so that each one will do 
its share of the cutting. 

Tapers may be bored with a traveling head 
boring bar by oflf-setting the tail stock in the 
same manner as was described for turning 
tapers. 

I 
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Fig. 36 

Cutting Screio Threads in the Lathe. — Screw 
threads are generally cut in the lathe by means 
of a suitably formed single-pointed tool held in 
the slide rest. The slide rest is traversed along 
the bed by means of a lead screw which is 
rotated by a system of gearing or change wheels 
so that the lateral movement of the slide rest 
for each revolution of the lathe spindle is equal 
to the pitch of the thread to be cut. 

There are four types of screw threads in 
general use in this country, as follows : 

1. The V-Thread. 

2. The United States Standard. 

3. The Square Thread. 
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4. The Acme Standard. 

Fig. 37 shows a section of the common V- 
thread. The sides of the thread are straight 
and make an angle of 60° with each other, and 
60° with the center line of the screw. The 
junction of the threads at the root is sharp as 
well as the top, hence the name. 

Fig. 38 shows a section of the U. S. Standard 
thread. This thread was derived from the 
V-thread by dividing the depth of the sharp 
V-thread into 8 equal divisions, and taking off 
one of the divisions at the top and filling in 
another at the bottom, thus making the total 
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height of the thread three-fourths that of a 
V-thread of the same pitch. 
. Fig. 39 shows the square thread, which is, as 
the name implies, square in section. In prac- 
tice, the width of the space a is made slightly 
greater than the thickness 6 of the thread. This 
thread is suitable for constructions where there 
is a large amount of wear, and also has the ad- 
vantage that the pressure does not tend to 
split the nut, as is the case with the V-thread 
and the U. S. Standard thread. However, it is 
difficult to make, and to a large extent has 
given place to the Acme form of thread. 
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Fig 40 shows a section of the Acme Standard 
thread, which was designed to replace the square 
form, giving the advantages of greater ease in 
making fits, and provision for take-up in case 
of wear. The dimensions are the same as 
those of square thread screws, with the excep- 
tion that the sides of the thread, instead of 
being perpendicular to the center line of the 
screw, are inclined 14^° to such perpendicular, 
making the angle included between the two 
sides . of the thread 29°. The depth of the 
thread = J of the pitch; the width of the top 
of the thread = width of space at the bottom = 
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Fig. 38 

.3707 X pitch; the thickness at the root of the 
thread = width of space at the top = .6293 x 
pitch. This form of thread is much used for 
lead scre^^s. 

The following descriptions refer to the various 
parts of screw threads : 

The diameter of a thread is the diameter 

measured over the points of the thread, or the 

diameter of the bolt before the thread was cut. 

The root diameter is the diameter measured 

over the bottom of the threads. 

The height of the thread is the vertical distance 
from the root to the point. 

The pitch of a thread is the number of turns 
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it makes in advancing one inch along the screw. 

A rightnhand thread is one which, when being 
screwed into a nut, turns in the direction of the 
hands of a clock. The nut when being screwed 
onto a right hand thread turns in a counter 
dh^ction. This is the common form of thread. 

The left-hand thread turns in an opposite 
direction from that of a right-hand thread. 

A single thread has one spiral projection 
which advances along the bolt an amount equal 
to the pitch. 

A double thread has two spiral projections 
which advance twice the apparent pitch each 
revolution. 
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A triple thread has three spiral projections 
which advance three times the apparent pitch 
each revolution. 

Fig. 41 A shows a double thread, and Fig. 41B 
a triple thread. The object of these multiple 
threads is to increase the motion without the 
use of a coarse pitch single thread, which 
increased depth would weaken the body of the 
bolt. 

For cutting threads in the lathe various 
forms of slide-rest tools are used. The common 
forged thread tool for outside work is shown 
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in Fig. 42. It is ground flat on top, and the 
side faces a, 6 and c d are ground so as to form 
an angle of 60°, this angle being tested with the 
common thread gauge, shown in Fig. 43. In 
using this gauge it must be applied to the tool 
so that it lies flat with the top face of the tool 
in the line e, /, Fig. 42. If held in any other 
manner, while the sides of the tool may be 
ground to fit the gauge, the thread cut will not 
be correct. 

Figs. 44A, 44B and 44C show the method of 
using the thread gauge for setting the tool 
correctly, the first two figures showing the 
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application to an outside tool, and the last 
figure the setting of an inside tool. 

The tool must be firmlj^ clamped in the tool 
post and the work driver securely fastened, for 
any slip of either will probably result in spoiled 
work. The proper change wheels must be 
placed in position, and the tool fed up to take 
a light cut which is carried along the work the 
desired distance. At this point the tool is 
quickly withdrawn from the work by means of 
the cross feed screw, and the motion of the 
lathe reversed. The tool is allowed to run 



LATHE WORK. 477 

back to the starting point, when the lathe is 
again reversed, and the tool fed in far enough 
to take another cut. This series of operations 
is continued until the screw is cut to the re- 
quired size. 

A majority of lathes are provided with a 
stop, as shown in Fig. 45, to keep the tool from 
being fed in too deep. It consists of the piece 
a, which is secured to the carriage by the set 
screw 6. The screw c, having a shoulder and 
knurled head, passes loosely through the stop 
and screw into a suitably tapped hole in the 
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cross shde carriage d. When the stop is ad- 
justed the tool may be moved away from the 
work, as the stop screw shdes loosely through 
the stop, but the tool can be fed in only until 
the shoulder on the stop screw strikes the stop. 
After taking a cut over the work, the tool is 
advanced to take the succeeding cut by un- 
screwing the stop screw c part of a turn. For 
cutting internal threads the stop screw is not 
run through the stop, but is placed so that the 
head will bear against the inside face of the 
stop, and is. screwed into the tool slide to take 
the successive cuts. 



Some lathes are so constructed as not to 
require the motion of the spindle to be reversed 
in order to run the tool back to the end of the 
work for the successive cuts, the reversing of 
the tool carriage being done from the apron. In 
cutting long screws time will be saved by 
stopping the lathe, opening the lead nut and 
traversing the carriage back by hand a certain 
definite distance, depending on the pitch of 
the thread being cut. Thus, if the threads 
being cut are any wkde number per inch, the 
lead nut will properly engage with the lead 
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screw, if the carriage is moved back from the 
stop position any number of inches. If the 
number of threads per inch is an even number, 
the carriage may be moved back any number 
of half inches. If the thread is fractional, the 
carriage must be moved back a number of 
inches which will contain an even number of 
threads. Thus, if an llj-pitch thread is being 
cut the carriage maj'' be stopped every two 
inches. If a 2i-pitch thread, the carriage may 
be stopped every four inches. With a Uttle 
practice the above method of handling the 
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carriage may be done very rapidly. When the 
pitch of the thread to be cut is a multiple of the 
pitch of the lead screw, the nut may be opened 
and closed at any point. 

As before stated, in order to cut threads of 
different pitches with the same lead screw, the 
lathe must be provided with a set of change 
gears, so that the advance of the tool carriage 
for each revolution of the spindle will be ex- 
actly equal to the pitch of the thread being cut. 

These gears are arranged in two ways. When 
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arranged as shown in Fig. 46, the lathe is said 
to be single-geared, as the stud S makes the 
same number of revolutions per minute as the 
lathe spindle. If the gear A on the spindle 
and gear B on the stud are not the same size, 
so that the stud S does not make the same 
number of revolutions per minute as the spindle, 
the lathe is said to be compound-geared. 
The first arrangement is the more conunon. 
All lathes are, or should be, provided with an 
index plate showing the proper gears to be used 
for cutting the different pitches, but in cases 
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where this plate has been lost, or in case some 
odd pitched screw is to be cut, the proper gears 
may be determined by means of the following 
proportions : 

The pitch of the lead screw is to the pitch 
of the screw to be cut, as the number of teeth 
in the gear on the spindle is to the number of 
teeth in the gear on the lead screw. 

Placing the above expression in the form of a 
fraction will give : 

Pitch of lead sc r ew _ No. of teeth in wheel on spindle 

Pitch of screw to be cut No. teeth in wheel on lead screw 

The application of the above equation is as 
follows: Suppose it is desired to cut a thread 
of 9 pitch m a lathe having a 4-pitch lead screw. 
Substituting these values in the above will give : 

4 = No. of teeth in wheel on spindle. 

9 = No. of teeth in wheel on lead screw. 

As in practice it is impossible to use gears 
having much less than 20 teeth, it will be neces- 
sary to multiply both the numerator and 
denominator of the first member of the equation 
by the same number. Starting with 2, we would 
get the following : 

4X2 8, 4X3 12, 4X4 16, 4X5_20, 4X6_^24, 4X7 28, 
9X2 18, 9X3 27, 9X4 36. 9X5 45, 9X6 54, 9X7 63, 

hence we could use gears having the following 
number of teeth : 8 and 18, 12 and 27, 16 and 
36, 20 and 45, 24 and 54, 28 and 63, and so 
on. Generally, the number of teeth in gears 
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of any change set increase in number in a 
regular manner, as 20, 24, 28, 32, 36, etc. 
\Vhen this is the case, the difference between the 
number of teeth may be used to multiply both 
terms of the fraction, as above. If the lathe 
is equipped for cutting fractional threads, as 
the ll§-pitch pipe thread, there will be some 
gears that will not correspond to the regular 
ratio of the balance of the set. 

In the case of fractional threads the above 
rule holds good, and the compound fraction 
which will result must be reduced to a simple 
fraction before proceeding with the multipli- 
cation. 

Thus, suppose it is desired to cut a pipe 
thread of 11 J pitch on the above lathe. The 
fraction would be : 

4 4 8 



Hi 23 23 
2 

and multipljdng as before, we would have 

16 24 32 

, , , eDc. 
42 69 92 

Hence, we could use gears having the following 
number of teeth : 16 and 42, 24 and 69, 32 and 
92, etc. 

In case the lathe has a set of compound 
gears in the head so that the stud for the change 
gear does not make the same number of revolu- 
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tions as the lathe spindle, the apparent pitch of 
the lead screw miist be used in the calculations 
instead of the actual pitch. For example, if 
the stud for the change gear is connected to 
the spindle by a train of gears, so that it makes 
two revolutions for each revolution of the 
spindle, the apparent pitch of the lead screw 
will be twice the actual pitch. In the above 
case, if the lead screw is 4 pitch, the apparent 
pitch will be 2. In cases where the apparent 
pitch cannot be easily determined by inspection, 
the lathe should be geared with equal wheels 
on the stud and lead screw, and a thread cut 
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Fig. 43 

upon a piece of work. This thread will be the 
apparent pitch of the lead screw and should be 
used in all calculations. 

Sometimes lathes are arranged to compound 
the gears as shown in Fig. 47. In this case the 
intermediate gear is made up of two gears a 
and 6, keyed together on a sleeve which turns 
on the intermediate stud. One of the gears a 
is driven by the stud gear, while gear 6 acts 
as a driver for the lead screw gear. 

With this arrangement of gears the following 
rule will apply : 

Write a fraction having the pitch of the lead 
screw for the numerator and the pitch of the 
desired screw for the denominator. Factor 



LATHE WORK, 



483 



both numerator and denominator into two nimi- 
bers, thus^ giving two fractions which multiplied 
together wall give the original fraction. Multiply 
the two resulting fractions by a common num- 
ber which will give two other fractions, the 
numerator of the first representing the number 
of teeth in the gear on the stud and the denom- 
inator representing the number of teeth in the 
driven gear on the intermediate stud. The 
numerator of the second fraction will represent 
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the number of teeth in the driving gear on the 
intermediate stud, and the denominator the 
number of teeth in the gear on the lead screw. 

Suppose it is required to cut a screw of 48 
pitch in a lathe having a 6-pitch lead screw. 
Applying the rule given we have -^ = f ^l = f x | ; 
multiplying the niunerator and denominator 
of both fractions by 10, we obtain fg-X^. 
Therefore a 20-tooth gear on the stud meshing 
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with an 80-tooth gear on the compound stud, 
with a 30-tooth gear as the driver on the com- 
pound stud meshing with a 60-tooth gear on 
the lead screw, will cut the desired thread. It 
makes no difference which fraction is considered 
first, as a 30-tooth gear on the stud meshing with 
the 60-tooth intermediate gear, and the 20-tooth 
intermediate gear meshing with th6 80-tooth 
gear on the lead screw, will produce the same 
result. 

In single-geared lathes and also lathes com- 
pounded in the head stock, the size of the inter- 
mediate gear is immaterial, any gear being used 
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which will conveniently mesh with the two other 
gears. 

As lathes are usually geared, they will cut a 
right-hand thread by using one intermediate 
gear, so that to cut a left-hand thread it is 
necessary to place a second intermediate gear in 
the train. The size of this second gear is im- 
material. If the lathe has a reverse in the head 
stock it will not be necessary to use the second 
intermediate gear. 

The tool used for cutting U. S. Standard 
threads is similar to that used for cutting V 
threads, except that a small portion is ground 
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from the point, making it flat. The width of 
this flat varies for each pitch, hence it is neces- 
sary to fit the tool to a properly formed gauge, 
or a standard tap of the pitch required. In 
other respects the operation of cutting the thread 
is identical with that of the V thread. Care 
must be taken not to cut the thread below size 
at the root. The following table gives the 
diameter of the screw, the number of threads 

PITCH OF UNITED STATES STANDARD THREADS. 



Diam. of 
Screw. 
Inches. 



'I 

1 



Diam. at 


No. of 


Diam. of 
Screw. 
Inches. 


Diam. at 


Root of 


Threads. 


Root of 


Thread. 


Per 


Thread. 


Inches. 


Inch. 


Inches. 


.185 


20 


2 


1.712 


.240 


18 


2 


1.062 


.204 


16 


2 


2.175 


.344 


14 


2 


2.425 


.400 


13 


3 


2.620 


.454 


12 


3i 


2.870 


.507 


11 


3 


3 100 


.620 


10 


3 


3.317 


.731 


9 


4 


3 567 


.837 


8 


4} 


3.708 


.940 


7 


4i 

4 


4.028 


1.065 


7 


4.255 


1.160 


6 


5 


4.480 


1 284 


6 


^i 


4.730 


1.380 


5i 


5 


5 053 


1.400 


5 


5 


6 203 


1.615 


5 




5.423 



No. of 

Threads. 

Per 

Inch. 



t\ 

4 
4 

P 
I' 

3 

21 

2[ 
2 

2 
2| 
2» 
2i 



per inch, and the diameter at the root of the 
thread for all sizes from J-inch to 6 inches, 
inclusive. 

For cutting square threads a tool similar in 
shape to an ordinary parting or cutting-oflf tool 
is used, except that the angle of side clearance 
must be great enough to allow the tool to cut. 
Fig. 48 shows such a tool. The tool is made 
wider at the cutting edge a than at 6, so that the 
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cutting will be done by edge a, and the sides 
c and d clear. The sides of the tool from e to / 
must be inclined to the body of the tool as shown. 
The degree of inclination depending upon the 
pitch of the thread to be cut and the diameter 
of the work. This angle may be determined by 
the construction shown in Fig. 49. Draw the 
line a, 6, having a length equal to the circum- 
ference of the thread to be cut, measured at the 
root. At b erect the perpendicular 6, c, having 
a length equal to the pitch of the thread, and 
join a and c with a straight line. THe inclina- 
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tion of line a, c to Une a, b is the angle of the 
thread at the root, and the angle of the tool 
sides must be enough greater to give the neces- 
sary clearance. 

In cutting a square thread, a hole equal in 
diameter to the width of the thread groove and 
having a depth equal to the depth of the thread 
should be drilled at the termination of the thread 
for the relief of the cutting tool. This enables 
the thread to end abruptly and makes a neat 
finish. 

For cutting the Acme thread, the tool must be 
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ground to a properly formed gauge and the sides 
cleared as for a square thread tool. 

In cutting all threads the point of the tool 
should be set level with the work axis and also 
square with the same. This also applies to a 
taper thread cut by setting over the tail stock. 

In cutting coarse pitch threads, time may be 
saved by using a tool formed as shown in Fig. 
50, having the cutting edge a, b ground at an 
angle of 60*^ with the side c, d of the tool, and 
giving the cutting edge top rake. To use this 
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tool, the compound rest is set at an angle of 
60° with the work axis, as shown in Fig. 51, and 
the cut is put on by operating the feed screw of 
the compound rest. With this tool a much 
heavier cut may be taken than with the common 
form of tool. 

When a double thread is to be cut the method 
is the same as that of cutting a single thread. 
Thfe first thread is finished to size, then the work 
is given one-half a turn and the second thread 
cut. The work may be given the half turn by 
removing it and replacing it in the lathe with 
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the tail of the driver in the slot in the face plate 
directly opposite the one used while cutting the 
first thread. Another method is to disconnect 
the feed gears and give the lathe and work half 
a turn as denoted by the change gears. 

In cutting triple threads, after the first thread 
is cut the work must be rotated one-third of a 
turn and the second thread cut. Then the 
work is again rotated one-third of a turn and 
the third thread cut. Quadruple threads are 
cut in the same manner, turning the work 
one-fourth of a turn after each thread is cut. 



V 
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Fig. 48 

Cutting Speeds and Feeds. 

As the output of a machine, and therefore the 
cost of the work, depends largely on the cutting 
speed and rate of feed used, these are matters 
of great importance. 

The cutting speed is the speed at which the 
surface of the work passes the cutting edge of 
the tool, and is generally expressed in feet per 
minute. It is the product of the circumference 
of the work multipUed by the number of revo- 
lutions per minute. 
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The rate of feed is the amount of tool traverse 
per revolution of the work. 

The introduction of high speed tool steels 
has had a remarkable effect upon the output 
of certain classes of work, especially the turning 
and boring of tires, and the removing of surplus 
stock from forgings and castings, when the work 
is rigid enough to stand the pressure of the 
increased speed and cut. This class of work is 
being done from three to five times as fast as 
was possible with common tool steels. 

However, these **high speed" tool steels seem to 
give no better results for finishing cuts than 
the common steels, for the reason that the new 
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steels must be very hot in order to give them 
the maximum hardness; and if an attempt is 
made to finish work at high speed, chattering 
will occur despite all precautions, and, in 
practice, this means rough surfaces. 

In the majority of machine operations, the 
chief item of cost is not that of taking rough 
cuts, but the expense of the finishing process 
which is made up of light cuts, grinding, scrap- 
ing, etc. 

The maximum cutting speed will vary greatly, 
depending upon the material being turned ; the 
hardness of the metal; the depth of cut and 
width of feed, and the diameter and length of 
the work. 
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The cutting speed and the rate of feed for 
roughing work should be as great as the con- 
ditions will admit of, and should be such that a 
correctly formed tool will last a reasonable 
length of time between grindings. What this 
time should be will depend on the facilities at 
hand for keeping the tool in shape. As the 
object of a roughing cut is to remove the surplus 
metal as quickly as possible, there is no ob- 
jection to removing the tool for grinding, 
provided time is saved. The maximum amount 
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of work may be turned out either by a low- 
cutting speed and heavy feed, or by a high 
cutting speed and lighter feed. Probably in 
the majority of cases the former method will 
result in the greater output. 

In the case of finishing cuts, the tool should 
carry the cut the full length of the piece without 
re-grinding on account of the difficulty of re- 
setting the tool to cut to the exact diameter. 
This does not mean that finishing cuts must be 
taken at a slower cutting speed, for, in many 
cases, as the cut is light, the speed may be 
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increased. The speed should be such that the 
tool will carry the cut the full length of the 
piece if it can be done in less time than the 
tool can be ground and re-set. 

The following table gives average cutting 
speeds which may be easily maintained with 
properly formed common steel tools. 



CUTTING SPEEDS. 
Wrought Iron and Soft Steel. 



Diameter of Work. 


Roughing Cut, Speed. 


Finishing Cut, Speed. 


" 


i 


40 


40 




1 


35 


35 




li 


30 


30 




2 


28 


28 




2i 


28 


28 




3 


28 


28 




4 


26 


27 




5 


25 


27 




6 


25 
Tool Stoek 


25 




1 


24 


24 




20 


20 




1 


20 


20 




u 


18 


18 




2 


18 


18 




3 


18 


18 




4 


18 
Cast Iron. 


18 




1 


45 


45 




2 


40 


40 




3 


35 


40 




4 


35 


40 




5 


30 


35 




6 


30 
Brass. 


35 




\ 


120 


120 




110 


110 




1 


100 


100 




U 


00 


90 




1 


80 


80 




I 


80 


80 




2 


75 


75 




2h 


75 


75 




3 


70 


70 




3J 


70 


70 




4 


70 


70 




6 


65 


65 





With high speed tools on roughing cuts the 
obtainable speeds will be somewhere between 
the limits given below, depending on the depth 
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of cut and rate of feed, the first figure in each 
case being for a cut -^\ inch deep with a feed of 
tjV inch, and the last figure for a cut | inch deep 
with a feed of -jV inch. 




Fig. 51 



Soft cast iron ....... 239 to 40 feet per minute. 



Medium cast iron .... 1 19 

Hard cast iron 70 

Soft steel 518 

Medium steel 259 

Hard steel 118 

In grinding high-speed steels care must be 
used not to over-heat the tools, and especially 



n 



u 



a 



a 



20 
12 
93 
46 
21 
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not to cool them off in water while grinding, as 
this has a tendency to produce cracking of the 
cutting edge. This does not apply to wet-tool 
grinders. 

Making Fits. 

In general shop work the machinist will be 
called upon to make four kinds of fits, as follows : 
working, or running fit; driving fit; press, or 
forced fit; shrink fit. 

A running fit requires that the difference in 
the diameter of a shaft and its bearing be 
sufficient to allow the shaft to turn freely in 
the bearing and admit oil, but without any great 
amount of lost motion. This difference in 
diameter will depend on the diameter of the 
shaft, the length of the hole and the condition 
of the surfaces. For a small spindle the allow- 
ance may be as little as 0.0005 inch, while for 
a shaft 10 inches in diameter the allowance 
would be from 0.005 inch to 0.01 inch. 

A driving fit requires that the bolt or shaft 
be slightly larger than the hole into which it 
fits, and the difference in diameter will depend 
on the diameter and length of the work as well 
as the condition of the surfaces and the desired 
tightness of the fit. For small, smooth work, 
the allowance should be from 0.0005 inch to 
0.001 inch, while if the work is rough the allow- 
ance would be increased to 0.002 inch to 0.003 
inch. 

- Where the work is of large dianieter, and is 
to be forced together by means of a hydraulic 
press, as in the case of crank pins and axles. 
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the allowance for the fit will be from 0.001 
inch to 0.002 inch for each inch in diameter, 
depending on the condition of the surfaces, the 
trueness of the holes and the length and thick- 
ness of the hub. 

In putting pieces together by driving or 
forcing the surfaces must be well lubricated, 
otherwise they will cut and stick fast before 
reaching the proper position. 

Where pieces are to be fastened together by 
shrinkage the allowance is generally greater 
than for forced fits. For small work the al- 
lowance should be about 0.003 inch for the first 
inch of diameter, adding 0.001 inch for each 
additional inch. The allowance for locomotive 
tires is ^ inch per foot of diameter for wheel 
centers less than 66 inches in diameter, and 
-^ inch per foot of diameter for centers 66 inches 
and over in diameter, 



CHAPTER XX. 

MACHINE WORK — PLANER AND SHAPER WORK. 

For machining plane and irregular surfaces 
that may naost conveniently be cut by a tool 
moving across the work in a straight line, the 
planer and shaper are used. 

The common form of planer is shown in Fig. 
1. It consists of the bed a, the upper surface 
of which is provided with two V-shaped guide 
ways on which the work carrying table, or 
platen 6, is moved back and forth in a straight 
line. This bed has two upright frames, or 
housings, c, firmly bolted to it, the front and 
side surfaces of which stand at a right angle 
to the line of travel of the platen 6. These 
housings carry the cross sUde or cross rail d to 
which is fitted the saddle 6, carrying the head /, 
to which the tool is secured by means of the 
tool clamp g. 

The cross rail d is adjustable in a vertical 
direction by means of two vertical screws 
operated by the bevel gears on shaft m. This 
shaft is rotated by the handle n. To secure d 
at the adjusted height suitable devices are pro- 
vided for clamping it firmly to the face of the 
housings. 

The faces of the cross slide are parallel one 
to the other and stand at a right angle to the 
V-shaped guides on which the platen b slides; 

495 



. hence the cro8s slide will be parallel with the 
platen at whatever height above the platen it is 
set, provided the elevating screws lift each end 
of d equally. 

The construction of the head / is similar to 
that of a compound rest on the lathe, having in 
addition the tool box and apron. This head is 



Fig. 1 

secured to the saddle e, that is securely gibbed 
to the cross rail upon which it travels. The 
vertical feed of the tool is secured bj' operating 
the handle h, and also automatically bj' means 
of the splined feed shaft j, and gears shown. 

The horizontal tool feed is secured by moving 
the saddle on the cross rail by means of the lead 
screw i. 
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The mechanism for moving the platen 6 
varies in different planers, but generally con- 
sists of a rack on the bottom of the table mesh- 
ing with a train of gears driven by the driving 
pulley s. Two belts are used, one for the for- 
ward, or cutting stroke, and one for the reverse. 
These belts are shifted alternately from the 
loose pulleys q and r to the driving pulley s, by 




the belt shifters t These belt shifters are 
operated by suitable mechanism connected with 
the shifting handle p, this handle being operated 
by the shifting dogs o and o'. These dogs may 
be placed in any position along the table, thus 
regulating the length of the stroke and the por- 
tion of the platen passing under the tool. 
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The automatic feed motions are operated by 
the friction disc k, which is moved through 
about one-half a revolution when the motion of 
the table is reversed. This disc has a shde way 
on its face in which a block is fitted, which block 
may be moved to or from the center by the 
screw shown, thus varying the amount of 



stroke imparted to the rod which moves the feed 
rack /. The motion of this rack is transmitted 
by suitable gears and ratchet mechanism to the 
feed rods i and j. 

Planers are often fitted with two heads on 
the cross rail, and also with heads mounted 
directly on the face of the housings, thus in- 
creasing their capacity. 
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The size of a planer is designated by the width 
between the -housings, the height the tool can 
be raised above the platen and the greatest 
length of table motion that can be utilized while 
the tool is cutting. Thus a 36''x36''xl0 ft. 
planer would be one measuring 36 inches be- 
tween the housings; the tool could be raised 
36 inches above the platen and the table has a 
working stroke of 10 ft. maximum. 



Fig. 4 

Figs. 2 and 3 show two views of an open side 
planer having three heads. It will be noticed 
that in this planer the cross rail is supported 
from two housings placed on the same side of 
the machine, thus leaving one side clear. This 
form of construction greatly increases the 
capacity of the machine for some kinds of work. 

Fig. 4 shows the common type of crank 
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shaper which is used to a greater extent than 
any other form. The tool is clamped in the 
head a attached to the ram b. The ram is 
reciprocated across the work which is held in 
the vise c or bolted to the top or side of the 
table d. The table is bolted to the saddle /, 
which by means of screw h is given a lateral 
movement on the cross sUde g. Cross shde g 
is gibbed to the face of the base of the machine 
and has a vertical movement controlled by 
screw i, operated by a pair of bevel gears from 
shaft k. From the foregoing it will be seen that 
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the work table d has a lateral movement in a 
plane parallel to, but at a right angle to the line 
of motion of the ram b, and also has a vertical 
movement in a plane at a right angle to the line 
of motion of the ram. 

The head a has a vertical movement ton- 
trolled by handle t, and is constructed so that 
it may \ye swivekd around in a vertical plane 
for the purpose of machining angular surfaces. 

The length of the stroke of the ram is adjusted 
by means of the shaft o, and the position of 
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the ram relative to the work is adjusted by 
operating shaft m. Handle n is for clamping 
the ram in any adjusted position. 

The lateral feed of the table is given by the 
adjustable crank p and train of gears r. Handle 
V at the back of the machine is for throwing the 
back gears in and out of gear. 

Fig. 5 shows a traveling head shaper which is 
used quite generally in railway shops. The 
bed a is made in the form of a box and is very 
rigid. The rams 6, 6 are carried in saddles c, c, 
which are securely gibbed to the top of the bed, 
and have a horizontal movement at right angles 




Fig. 7 



to the line of motion of the rams. The tool is 
fed across the work by moving the saddles. 

The work holding tables d, d are stationary 
while the tool is at work, but may be moved to 
any position along the bed. This movement 
is secured through a pinion on shaft e meshing 
with the rack /. The tables also have a vertical 
movement. In other respects the construction 
is similar to that of the shaper shown in Fig. 4. 

While the planer and shaper differ radically 
in construction and operation, the methods em- 
ployed for holding the work are similar, and in 
the matter following, the description of work- 
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holding devices will apply equally to either 
machine, unless otherwise specified. 

The simplest method of holding work in the 
shaper or planer is by means of a vise. A 
common form of planer vise is shown in Fig. 6, 
wfiile the shaper vise is shown at c, Fig. 1. The 
only real difference in these two devices is in the 
manner in which the vise is operated. By 
reference to Fig. 1, it will be seen that the work 
is clamped in the shaper vise by operating one 
screw with a suitable handle. In the vise shown 
in Fig. 6, the clamping is done by operating the 
three square head screws. Either of these vises 
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may be set in any angular position on the table, 
and generally the base is graduated in degrees 
for convenience in setting. 

Fig. 7 shows a plain shaper vise, or chuck. 
The bottom surface a, a is parallel with the 
surfaces b and b\ and as surface a is secured to 
the top of the table, and this top is parallel with 
the line of motion of the ram b (Fig. 1), and also 
parallel with the cross slide /i, it follows that 
the face 6^ of the chuck is also parallel with the 
line of motion of the ram and the cross slide. 

The surfaces c and d of the vise which grip 
the work are finished at a right angle to the 
surface b\ therefore the upper surface of work 
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that beds fair on 6* , or beds fair against c and d, 
will be held parallel to the line of tool traverse 
and also parallel to the line of longitudinal 
feed traverse. The top surfaces e and / of the 
vise jaws are also parallel with surface a, and 
therefore form guides by which to set the work. 
Generally, the movable jaw is provided with 
bolts a, a (Fig. 6), to prevent its lifting away 
from the face of the slide when tightened. 

In holding work in shaper or planer chucks 
the following points should be considered. 

As the face d of the fixed jaw is finished at 
right angles to the line of tool traverse, this 
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face and the surface 6* should be used as guides 
in setting the work. Referring to Fig. 8, it will 
be seen that the work is held in the jaws by the 
pressure exerted by the screw g, the pressure 
being in the direction of the arrow A. The 
movable jaw will tend to lift in the direction of 
the arrow B, and in case the edges of the work 
W bearing against the chuck jaws are not 
parallel, it will be very difficult to get the under 
surface of the work to bed fairh^ on the upper 
surface of the chuck. If a piece of work shaped 
like that shown in the figure is placed in the 
chuck, it will take the position shown in Fig. 9, 
and the top face will be machined out of square 
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with the other surfaces. From the foregoing 
it will be seen that the face d of the fixed jaw 
is to be depended on in setting the work, and 
the surface of the work which is to form a guide 
for the chucking should be placed against this 
surface. 

In the case of thin work where the amount 
of surface bearing against the jaw is small as 
compared to the width between the jaws, the 
wide surface should be machined first, as this 
will give a true surface of sufficient area bedding 
against the chuck jaw so that the edges will be 
machined square with this face. Work of this 
character should be* set in the chuck by using 
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parallel pieces a, a, as shown in Fig. 10. Where 
the edges of such work are so rough that they 
will not bed fair on the chuck jaws, pieces of 
copper or lead wire placed between the jaws 
and the work will hold it securely. 

Where the work has a projection which will 
prevent the chuck jaw from meeting the work 
fairly, short pieces, as shown at a, m Fig. 11, 
should be placed between the movable jaw 
and the work. 

When the work is very thin, and so narrow 
that it cannot be bedded directly on the chuck 
bottom, it is best set by using a surface gauge, 
or calipers, as shown in Fig. 12 (a) and (6). 
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Where possible, the work should be so placed 
in the chuck that the tool will travel across 
the longest dimension in making the cut. 

The following examples will show the correct 
method of handling work secured in the chuck. 

Fig. 13 shows a rectangular piece which is to 
be machined all over. In order to allow the 
tool to travel the long way of the work the vise 
should be set at right angles to the position 
shown in Fig. 4. The work should preferably 
be roughed out all over before any finishing cuts 
are taken. The piece is first secured in the 
chuck and a cut taken over one side, then given 




a quarter of a turn so that the planed surface 
wuU bed against the fixed jaw of the chuck. At 
this setting care must be taken that the planed 
surface beds fair on the fixed jaw (if this jaw is 
perpendicular to the table). If the surface of 
the work in contact with the movable jaw is 
not true, difficulty will be experienced in hold- 
ing the finished side square against the fixed 
jaw. Suppose the work is tapered as shown in 
Fig. 14 (a), the surface a being finished while the 
surface b is rough and not parallel to a. When 
the chuck is tightened the pressure will come at 
the top edge of the jaws and the work will be 
canted over more or less so that surface a will 
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not bed fair against the fixed jaw C. If this is 
found to be the case it may generally be over- 
come by placing a round rod or wire between 
the work and the movable jaw, as shown in 
Fig. 14 (6). This will allow the work to turn 
slightly and face a will bed fair against jaw c. The 
rod or wire should be as long as the work in case 
the work is shorter than the chuck jaws, and as 
long as the jaws in case the work is longer than 
the jaws. 




Fig. 12 

Another point to look out for is the raising 
of the movable jaw when tightened, as shown 
in Fig. 9. This will occur to some extent even 
if the work is perfectly square, and is prevented 
by tightening the bolts r, r. Fig. 14, before the 
jaw is tightened. 

If ^the work projects beyond the chuck it is 
well to test the finished surface by using a square 
from the table as shown in Fig. 15. 

In order to get the opposite sides of the work 
parallel the piece may be set on parallel strips, 
as shown in Fig. 10, bedding it firmly onto the 
strips by striking the top surface with a soft 
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hammer, or block of wood. If the work ex- 
tends beyotid the chuck it may be set parallel 
to the table by using calipers between the table 
and the under surface, or by using a surface 
gauge, as shown in Fig. 12 (a) and (6). 

In shapinjg a tapered piece, as a key, a line 
is generally scribed on the work and this line 
is set parallel to the table by means of a surface 
gauge. Where a number of tapered pieces are 
to be finished they are set in the chuck, as shown 
in Fig. 16, the finished edges resting on parallel 




pieces, as shown, the pieces a, a being adjusted 
until the line 6, c is parallel to the table. These 
pieces insure that the lower edges are in line 
and care must be taken to see that all of the 
pieces bed fairly on the parallel strips which 
should, of course, be somewhat shorter than 
the total thickness of the keys. Where much 
work of this character is done, the use of the 
chuck is dispensed with, the pieces being held 
in a suitable ''jig" which insures the correct 
setting. 

If a taper piece, as a key, is to have the side 
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faces machined and the chuck has no provision 
for setting the movable jaw at an angle with 
the fixed jaw, it may be held, as shown in Fig. 
17. A is the key with the trued edge against 
the fixed jaw 6. At c is a piece placed between 
the key and the movable jaw to compensate 
for the taper of the key. In placing the piece 
c, the key should be gripped just enough to 
hold it, and piece c is then pushed into place 
firmly with the fingers and the chuck tightened. 
Round work may be held in the chuck pro- 
vided the height of the jaws is equal to, or 




Fig. 14 

greater than the radius of the work, but the 
safest way to hold this work is to clamp it to 
the table, as will be described later. 

Sometimes difficulty will be experienced in 
holding thin work in the chuck. This may be 
accomplished by using toe dogs, as shown in 
Fig. 18. These dogs are smaU pieces of steel 
pointed at both ends. The figure shows the 
application fully, so that further description 
is unnecessary. The dogs should be so placed 
that the angle they make with the bottom of 
the chuck will not exceed 15^. 
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Work which is too large, or which for other 
reasons cannot be conveniently held in the 
chuck, is secured to the face of the table by 
bolts and clamps. Fig. 19 shows a plate 
clamped to the table with two clamps. As 
the clamps, unless unduly tightened, offer little 
resistance to the pressure of the cut, stop pins, 
at a, a, or a piece firmly clamped to the table, 
should be used to prevent the longitudinal 
movement of the work. The clamps should 
be so adjusted that the bolts will come as close 
to the work as possible. Also the blocks or 




Fig. 15 

packing pieces should be the same height as the 
work, or slightly higher, for the same reasons 
as were given under the remarks devoted to 
lathe face plate work. 

Bolts for clamping purposes must have heads 
which will fit in the T slots in the table. A more 
convenient arrangement is to make a number 
of T blocks, as shown in Fig. 20, and use studs 
of proper length. The T blocks should be case 
hardened. They are easily made and will pay 
for themselves in a short time. 

The most convenient clamp for general use 
is the conamon '^horse shoe'' clamp, shown in 
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Fig. 21. These clamps are made of a bar of 
square iron bent in a U shape with the opening 
wide enough to slide over the shank of the 
clamp bolt. 




Fi^. 16 

For work that is to be finished all over and 
which is of such shape that there is no place to 
put clamps without covering a part of the sur- 
face to be machined, it will be necessary to 
machine a part of the surface and then change 




Fig. 17 

the clamps to the finished surface, then finish 
the cut, or make use of some of the various 
forms of finger and toe clamps. 

Fig. 22 shows a piece of work held by a finger 
clamp. This clamp has one end forged or turned 
round to fit loosely in a hole drilled in the work. 
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In the absence of these clamps the same result 
may be accomplished by placing short pins in 
the drilled holes and placing a conmaon clamp 
on the pin, as shown in Fig. 23. 



Fig. 18 




T 




Two forms of toe clamps, or more correctly 
speaking, toe dogs, are shown in Fig. 24. The 
one consists of a short piece of steel pointed at 
both ends. It may, however, be made with 
one end cupped. The other style is made with 




Fig. 19 



one end flattened to press against the work, 
the other end being pointed or cupped to re- 
ceive the set screw of the screw plug, shown 
in Fig. 25. One form has one end turned to fit 
the holes in the table, the other end being left 
square, and is tapped for the set screw. The 
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other form is made to fit the T slots. In the 
figures the ends of the set screws are shown 
pointed, in which case the end of the dog must 
be cupped. If the set screws are cupped, the 
end of the dog should be pointed. 




Ffg. 20 

Fig. 26 shows the method of holding work 
with these dogs, a nimiber of them being placed 
on each side of the work. The slant of the 
dogs should not be too great, or the pressure 
of the set screw will tend to turn the outer end 
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Fig. 21 

upward. about the end in contact with the work. 
The angle they make with the table should not 
exceed about 15^. 

As these dogs have very little tendency to 
hold the work in the direction of the cut, it 
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will be necessary to use stop pins in front of 
the work. 

Sometimes it may be advisable to clamp a 
strip on the shaper or planer table for one edge 
of the work to abut against, using the toe dogs 
on one* side only. This is shown in Fig. 27. 




Fig. 22 

Another very convenient clamp for holding 
work that is to have the top surface machined, 
and whose fonn will not permit the placing of 
common clamps, is the toe clamp shown in 
Fig. 28. These clamps are made of a flat piece 
of steel of suitable width and thickness, bent 







Fig. 23 

in the form shown. Their application is shown 
in Fig. 29, which shows a driving box wedge 
set to have the top surface planed to the line 
laid out by the machinist putting up the shoes 
and wedges. The shoe or wedge is shown 
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at a; the stop pins to hold the clamps from 
moving end ways at 6, 6; c, c are the clamps 
and d, d the clamp bolts. It will be seen that 
any tightening of the clamp bolts will not only 
force the work firmly down on the table but 
will also prevent any end movement. The 
clamps should be so adjusted by suitable pack- 
ing pieces between them and the stop pins that 
the ends at e and / will come at about the same 
height on the work. In the particular ex- 
ample the wedge must be so set that the points 
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Fig. 24 

g, g and h (on the opposite side) will be parallel 
to the table. This is most easily accomplished 
by first placing the wedge on the table and 
taking out any ''rock'' there may be, by placing 
suitable shims under the comers as may be 
necessary. Then place the clamps in position 
and tighten. The two points g g should be 
tested with a surface gauge, and if not the same 
height the low end should be raised by placing 
a suitable shim clear across the low end. Sup- 
pose the point g, at the right hand end, is too 
low; if the clamp at this end is loosened, 
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leaving the other one tight, the loose end will 
raise clear of the table and the shims may be 
easily placed under the end. After the points 
g g are made parallel to the table, point h on 
the opposite side should be brought to the same 
height by placing equal shims under each comer 
on that side. A shoe or wedge can be leveled 
up in this manner in much less time than it 
takes to describe the process. 

Round work may be clamped to the table 
as shown in Fig. 30, the shaft being placed in 
one of the T slots and the clamps applied as 
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shown. A better method is shown in Fig. 31, 
where a is an angle iron bolted to the table, 
the shaft being held by means of the screw 
plugs 6, piece c and packing block d. The 
angle iron is beveled as shown so that the 
pressure exerted by the screw plugs forces the 
shaft down onto the table firmly. 

For holding certain classes of work the V 
blocks shown in Fig. 32 are necessary. These 
blocks are generally made in pairs and have a 
tongue a, which is fitted to the slots in the table. 
The Vs should be out at the same time to insure 
))oth blocks being exactly alike, and in case 
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the Vs are not cut exactly central with the 
tongue, care must be used in setting the blocks, 
otherwise the axis of the work will not be held 
parallel to the line of tool travel. 

Fig. 33 shows the application of these blocks 
in planing a crosshead. The crosshead is 
mounted on a mandrel (or the piston rod may 




Fig. 26 



be used) and set perfectly square cross ways of 
the table by means of the double-headed jack 
shown. The top surface of the crosshead is 
planed, after which the crosshead is turned 
over and the under surface and the wings planed. 
The wings must be planed exactly central and 
the finishing cut across the bottom faces should 
be taken without moving the tool. 




Fig. 27 



Fig. 34 shows a valve yoke set up for planing, 
the surface of which rests on the valve. As 
this surface must be in a plane parallel to the 
axis of the stem, V blocks must be used in the 
setting. This figure shows a special form of V 
block designed especially for this work. It 
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consists of a piece of cast iron of suitable length 
and height, having a V groove planed length- 
wise. The stem is clamped in the V block and 
the yoke leveled by means of the wedges, after 
which the toe clamps are applied as shown. 
The whole surface of the yoke may be planed 
at this setting, or after planing the sides a and 
b the yoke may be turned one-fourth around 
and the ends c and d planed. Which method 
will be the better will depend on circumstances. 
For some classes of work various forms of 





Fig. 28 



angle plates are necessary. Fig. 35 shows the 
common form. The two faces a and b are 
planed so that they make an angle of 90° with 
each other. When in use one face is bolted to 
the table and the work is secured to the other 
face. In the figure a connecting rod brass is 
shown bolted to the plate in order to have the 
inside of the flanges planed to fit the strap. 
After finishing the flanges c and d, the brass is 
given a quarter of a turn, bringing up flanges 
e and /. The finished edges of flanges c and d 
must be set at right angles to the table by using 
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a square. This operation is repeated until the 
brass has been machined all around. 

For this class of work some shops use a 
special angle plate having a supplementary- 
plate rotating on a stud, as shown in Fig. 36. 
A is the angle plate ; B the supplementary plate 




secured to A by means of the stud a and nut 6. 
Plate B has four holes, c, d, e and /, spaced 
exactly 90° apart, into which the taper pin C 
enters, thus accurately locating the position of 
plate B. The work is held to B by means of a 
clamp and the stud g. In the case of a rod 




Fig. 30 



brass secured to B, after finishing one set of 
flanges with pin C, in hole c, if the pin is with- 
drawn and B is rotated until the pin enters 
hole d, the work will have been turned through 
an angle of 90°. By using an angle plate of 



520 



SHOPS 



this kind it will be necessary to set the work 
but once. 

Fig. 37 shows a special form of double angle 
plate, designed for holding eccentrics while 
planing the tongue and groove. As will be 
seen, the angle plate has a tongue which fits 
into the center slot in the planer table, thus 
keeping it central. The eccentric halves are 
supported by hard wood blocks and are leveled 
up by wedges. At each eccentric half, a | inch 
bolt is passed through the angle plate and the 
2Y' X IJ^' clamping strip, and the eccentric 
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halves are further secured by two | inch set 
screws passing through the clamping plate. 

This form of double angle plate is ako used 
for holding driving boxes, truck boxes, etc. 

For holding some kinds of work on the 
shaper or planer table, the use of special jigs 
will save time. The application of a jig for the 
planing of driving box shoes and wedges is 
shown in Figs. 38, 39 and 40. 

The particular jig shown is designed to hold 
two shoes or wedges, and enough of the jigs 
should bs made to fill the planer table, as the 
maximum output will be secured by machining 
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the largest possible number at one setting. 
This method of constructing the jigs has the 
advantage that the jigs are not excessively 
heavy and may be handled easily. 

The shoes A v4 are first clamped in the ^igs, 
as shown in Fig. 38, being held oy the inclmed 
set screws a a. End movement is prevented 
by the stop plate b held by the studs c c. The 
top surface is planed, after which the jigs are 
removed from the table and the shoes placed in 



Fig. 32 

two rows upon parallel strips, as shown at a a, 
Fig. 39, being held to the table by clamps at b, 
c, d, etc. The outside surfaces e and /, and the 
tops g g oi the flanges, are planed, using both 
planer heads or a special tool similar in design to 
the one shown in Fig. 41, except that it is designed 
for cutting outside surfaces instead of inside. 
For the third and last operation the jigs are 
again placed on the table and the shoes or 
wedges secured, as shown in Fig. 40. They 
are held by the clamps a, b and c, also the set 
screws. TTie dummy wedges W W a.re secured 
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to the jig in order to plane the wedges to the 
correct angle. The inside edges of the flanges 
are planed by using a special tool, shown in 
Fig. 41. This tool has two tool blocks holding 
square tools which may be adjusted to cut to 
the required width. 

After planing in this manner the shoes and 
wedges are ready to be fitted to the frames of 
the locomotive and are marked oflf for final 
planing. They are then sent to the machine, 
where they are planed to the lines laid out and 
have the corners rounded. For doing this part 
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of the work a special chuck similar to that 
shown in Fig. 42 is used. 

This chuck consists of a base, or chuck body, 
A, which is secured to the planer table by means 
of bolts through the lugs a and 6. The tongue 
c fits in the T slot of the table and insures the 
longitudinal alignment of the chuck. At c?, e 
and / are three \ inch set screws for adjusting 
the lines on the shoe parallel to the planer table. 
The movable jaw B is held to the body by two 
I inch T head bolts g g, which move in suitable 
slots in the base. This jaw is forced against 
the work by the two | inch screws h h. A shoe 
in position to be planed is shown by the dotted 
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lines in the right hand view of the figure. A 
chuck of this description is a very convenient 
tool for this class of work. In the absence of 
this chuck the shoes and wedges may be held 
as shown in Fig. 29. 

Work held in the chuck which projects a con- 
siderable distance from the chuck, or work 
bolted to an angle plate where the overhang is 
considerable, should be supported from the 
table by using small jacks. Fig. 43 shows a 



guide bar held in the chuck, having the ends 
supported by jacks. Fig. 44 shows a cylinder 
casting set up for planing, being supported by 
V blocks and jacks. This figure also shows 
the application of struts to the work for the 
purpose of resisting the pressure of the cut. 

In planing cyUnders, the various steps are 
about as follows : The cylinder is placed length- 
wise of the bed, as shown in Fig. 44, resting the 
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turned portion of the flanges on V blocks a a. 
A center b should be accurately located in each 
end of the cylinder and these centers set exactly 
the same distance from the table and exactly 
in line with the tool traverse lengthwise. The 
inside surface c c should be set square with the 
planer table by means of the jacks d d, and 
firmly clamped, about as shown. The dis- 
position of the clamps e e and struts / / will 
depend largely on the construction of the 
cylinder and the position of the T slots and 




Fig. 36 



holes for bolts and stop pins in the planer table. 
The inside surface c c is planed so that the dis- 
tance from the center of the cylinder to the sur- 
face is equal to one-half the width of the cylin- 
ders from center to center. The top of the 
cylinder at g and h for the steam chest seat is 
then planed. The cylinder is now turned 
around one-quarter of a turn and the planed 
joint surface c c set square, vertically with the 
table. The cylinder centers 6 6 are lined square 
across the table, using a square from the centers 
to a square line on the table. At this setting 
the valve seat i and the end joints A; for the 
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steam chest are planed. The cylinder is now 
turned over and the bottom at I, where the 
center casting is bolted on, and the frame fit 
at m and n planed the correct distance from 
the cylinder centers. Too much care can not 
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be used in getting these various settings abso- 
lutely correct. 

In planing the stub ends of connecting and 

Earallel rods, a center line should be scribed at 
oth ends of the rod and on both edges, as shown 
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at a, a and 6, 6, Fig. 45. The rod should be set 
on the planer table so that these four Unes wall 
be the same distance from the table when 
tested with a surface gauge. If this cannot be 
done the rod is twisted and should be straight- 
ened before attempting to plane. To plane 
the edges of the stub ends, the rod body should 
be centered onr the sides as shown at c c and 
d d, Fig. 45, and set as before. Unless the stub 
ends are planed absolutely central with the body 




of the rod, and also exactly in line lengthwise, 
all kinds of trouble will be experienced in fitting 
the brasses to the pins. The rod may best be 
clamped by using screw dogs or toe clamps. 

Rod straps are first planed on the sides and 
then bolted to an angle plate to plane the edges. 
Generally sufficient stock should be left on the 
sides to allow the straps to be finished to size 
after they are bolted to the rod. This, for the 
reason that it is a difficult matter to hold the 
strap absolutely in line with the rod while 
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reaming the holes. The inside of the straps is 
generally machined on a slotter or milling 
machine. 

Driving and engine truck boxes are planed 
by clamping on the planer bed and truing- 
the hub face, then turned over and the back 
face finished, making the distance from the 
center of the shoe and wedge bearing correct. 
The boxes then go to the slotter to have the fit 
for the brass and cellar machined, after which 
the brasses are fitted and the boxes returned 
to the planer to have the shoe and wedge fits 
machined. To do this the boxes are clamped 
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to an angle plate or special jig, one form of 
which is shown in Fig. 46. This particular jig 
holds two boxes and consists of a base plate A, 
which is bolted to the planer table, the jig 
proper B being pivoted on this base plate so 
that it may be set at any required angle. The 
boxes are clamped to the jig by means of the 
long stud a, and are adjusted for height by 
means of the adjusting screws 6, 6, 6, 6. They 
are also clamped front and back by clamps and 
bolts through the slots c, c, c, c. If the flanges 
are to be planed straight the jig is set central on 
the base plate, a suitable mark on the jig and 
base plate being provided. If the flanges are 



to be planed taper, they are first planed straight, 
then the jig is set off center the required amount 
and the flanges from d to e planed, after which 
the jig is set off center the same amount in an 
opposite direction and the flanges from f to g 
planed. The shoe and wedge fits should be 
planed central with the brass and the flanges 
made the correct thickness measuring from the 
face of the box bolted to the jig. , The boxes are 
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now turned over, clamping the same side to the 
jig as before, and the other side finished, being 
particular to see that the flanges are the same 
thickness as those on the opposite side. 

To plane a slide valve it should first be 
clamped face down on the planer table and the 
top trued up. Then turned over and the face 
finished. It should then be centered at each end 
and clamped face down on parallel strips, setting 
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the centers at each end true with the edge of the 
table. It should now be faced off to the cor- 
rect height and the sides where the yoke fits 
and the outside edges planed to the required 
size, using care that they are planed central. 




Fig. 42 



The bottom flanges should be planed to the 
correct thickness. The two grooves for the long 
packing strips (if the valve has the Richardson 
Dalance) should be cut the correct width and 
depth and right distance apart, with a square 
nose tool, keeping these grooves central. The 
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valve should now be set cross ways on the table 
on parallel strips, setting it perfectly square. 
The ends should be planed the correct length 
and central with the exhaust cavity and the 
grooves for the end packing strips cut. The 
edges of the exhaust cavity may be machined 
in the slotter or milling machine, or if done on 
the planer these edges should be laid out and a 
clearance space for the tool at each end chipped 
out, after which the valve should be clamped 
face up on the table and the exhaust edges cut 
to the lines laid out. 





Fig. 43 



Errors in Planer Work. — ;Errors in planer 
work may be due to any one or a combination 
of the following causes: Errors in setting the 
machine; errors due to the table being out of 
true ; errors due to the cross rail not being true 
with the ways; errors due to the spring of the 
machine ; errors due to improper clamping of the 
work to the table. 

A planer should be set on a good foundation, 
preferably of brick or stone. The table should be 
removed and the bed leveled in both directions 
by using a level and straight edge on circular 
parallel pieces as shown in Fig. 47. Care should 
be taken that the supports of the bed rest fairly 
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on the foundation. Time spent in properly 
setting a planer is not thrown away, for if the 
planer is well set at the beginning it will remain 
true for a long time. 

After a planer has been in use for some time it 
will be found that the table is no longer true, but 
will be sprung up in the center more or less. 
This springing of the table is due to the driving 
in of stop pins too hard and the careless dropping 
of work on the table. These causes tend to 
peen or stretch the metal in the top of the table, 
thus causing the table to spring up in the center. 
A table in this condition will bear on the ways 
at the ends only, and if the cut is long enough to 
cause the ends of the table to overrun the bed, 
the ends of the table will drop down and the 
work instead of being planed straight will be 
more or less rounding. Where such a condition 
exists the top of the table should have a light 
cut taken over it to remove the peened surface. 
This truing should be done by taking a number 
of light cuts, for if a cut heavy enough to cut 
the entire length of the table is taken, it will be 
found as the cut proceeds that the removal of 
the peened surface releases the tension in the 
top of the table and it will gradually go back to 
its original form. This will result in the portion 
planed first being concave instead of straight. 
Before attempting to true up the table the cross 
rail should be tested to see that it is parallel with 
the v)ay8y as the cross rail should be adjusted 
to the ways, not the table. 

The cross rail is raised and lowered by the two 
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elevating screws in the housings. These screws 
are the same pitch, so that when the cross rail 
is moved each end will move the same amount, 
and if the cross rail is set parallel to the ways in 
one position it should be parallel to them in any 
other position. If the cross rail is not securely 
clamped to the housings while taking a cut, a 
strain will be thrown on the elevating screws and 
nuts and the cross rail will be thrown out of 
adjustment more or less. This will result in 




work being planed thicker on one edge than the 
other. The alignment of the cross rail may l)est 
be tested by placing a truly cylindrical piece in 
one of the ways and adjusting a square nosed 
tool so that it will just pinch a piece of thin 
paper placed between the tool and the test piece. 
Then place the test piece in the other way and 
move the tool over it, when, if the cross rail is 
parallel to the ways, it should grip the paper 
with the same degree of tightness as before. If 
the cross rail is out of adjustment, it should be 
corrected by raising the low end by turning 
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that elevating screw the required amount and 
securing it in position. How this may be done 
will depend on the construction of the planer. 

If the cross rail or planer head is loose, an 
error may be introduced the magnitude of 
which will depend on the amount of looseness 
existing. If a planer is used on a class of work 
where the head travels over a limited portion 
of the cross rail, the rail will become worn at 
that point and it may be difficult to produce 
parallel work. In such cases the only remedy 
is to determine the amount of the error and use 
packing of sufficient thickness between the 
work and the table to correct the error. 

Probably the most frequent cause of error in 
planer work is the improper clamping of the 
work, causing it to be sprung more or less. As 
before stated, care ehould be used to see that the 
packing used to level the work on the table and 
the clamps is so placed that the work will not 
be sprung when the clamps are tightened. In 
clamping heavy work it is sometimes very dif- 
ficult to determine whether it is equally sup- 
ported at all points, because the work wiU twist 
and bend of its own weight, and may have con- 
siderable twist in it notwithstanding that it may 
appear to bed fairly on the table. Such work 
may be set in the following manner. Fig. 48 
represents a casting which is to have the upper 
surface planed. It should be balanced upon 
two wedges a and 6, one being placed at each 
end, the wedges being adjusted so that the cast- 
ing is level. A line should be drawn across the 



face of each wedge in line with the face of the 
casting. Four wedges, two of which are shown 
at c and d, are then placed on each side of the 
casting and shoved .in until they just meet the 
casting, and a line is drawn across them in line 
with the edge of the casting. Wedge c is then 
driven in until it relieves wedge a of the weight 
of the casting, and a second Une is drawn across 
the face of wedge c. It is then withdrawn and 
the wedge on the opposite side of the casting is 
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driven in until wedge a is relieved, when a second 
line is drawn on the face of this wedge. The 
wedges at the other end are marked in the same 
manner and then the four side wedges are with- 
drawn, having upon their faces two lines g and 
h, as shown a't the right of Fig. 48. Midway 
between these two lines a third Une i is drawn 
and all four wedges are then driven in until Une 
i is in Une with the edge of the casting. This 
being done it may be assumed that the casting 
is equally supported at the four points. Long 
work which does not bed on the table should be 
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supported at several points so that the pressure 
of the cut will not spring it. 

The removal of the surface metal from forg- 
ings and castings relieves the internal stresses, 
as was explained with reference to lathe work, 
and therefore the work will alter its shape as the 
machining proceeds. For this reason the work 
should be roughed out all over before any- 
finishing cuts are taken when it is possible to do 
so. If very acciurate work is to be done on work 
that is not to be finished all over, the clamps 
should be released and the work re-set before 
the finishing cut is taken. 

Owing to the construction of the shaping 
machine, the errors due to the spring of the tool 
and work will be greater than is the case with the 
planer. This is due to the impossibility of fitting 
the ram without lost motion in the guides. Also, 
when the stroke is long, the ram will spring 
more than when it is close to the column. The 
table also has a tendency to sag down, as it has 
considerable overhang, and this tendency is 
increased by the pressure of the cut. The only 
way to overcome or lessen these defects is to 
keep the machine carefully adjusted so that all 
lost motion between the ram and slides is at a 
minimum and also that the table gibs are kept 
tight. 

As was mentioned in the early part of this 
chapter, the planer and shaper tool heads are 
so constructed that the head may be swung 
around so that surfaces at any other angle than 
90® to the table may be machined. The head is 
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graduated in degrees to facilitate the setting. 
Some planers are so graduated that the 0^ is 
at the side and 90® at the top, while others have 
the 0° at the top and bottom and 90® at the sides. 
The difference in these markings must be taken 
into account when setting the head to get the 
correct angle, as will be shown by the following 
example. 

Fig. 49 shows a piece of work that is to have 
a part of the top surface machined at an angle 

I 




Fig. 49 

of 30° from the vertical, or 60® from the horizon- 
tal line. If the head has the 0® at the top it will 
be swung to the right until the 60® mark on the 
head corrresponds to the line on the saddle, as 
90 - 30 = 60. If the 0® was at the side, cor- 
responding to the line on the saddle when the 
head stands vertical, the head would be swung 
to the right until the 30® mark comes opposite 
the line on the saddle. If the 0® stands at the 
side all measurements of angles should be taken 
from a surface at right angles to the planer 
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table ; if the 0^ is at the top the angles should be 
measured from a surface parallel to the table. 

In taking side or bevel cuts on the planer or 
shaper the tool block, not the head, must be 
swung to one side to prevent the tool from 
catching the work on the back stroke. The top 
of the tool block should always be moved away 
from the plane of the surface to be planed, and the 
tool should always be fed down. 

All planer and shaper tools forged from bar 
steel are very similar in shape to the forged 
tools used in the lathe, with the one exception 
that in the case of planer and shaper tools the 
bottom clearance may be less and may also be 
constant, because the tool feeds to its cut after 
having left the work surface at the end of the 
stroke. A planer cwr shaper tool should not be 
given more than 10° of clearance, and in the 
case of broad fiat nosed tools for finishing cuts 
it need not be more than 5°. The principle of 
pulling rather than pushing the tool to its cut 
can be more readily carried out in planer than 
in lathe tools, because the spring of the tool and 
the tool head, only, need to be considered, the 
position of the tool with relation to the work 
being otherwise immaterial. Fig. 50 shows two 
tools, W being the work, and a the fulcrum 
about which the tools will spring under the 
pressure of the cut. The arrows 6 denote the 
direction in which the point of the tool will 
spring. It will be seen that the tool at the left 
of the figure will dip deeper into the work as the 
pressure of the cut increases, as it will from any 
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increase of the depth of the cut in roughing out 
the work, or from any seams or hard places in 
the metal during the finishing cut. In the case 
of the tool at the right, the spring of the tool 
tends to raise it away from the work. This 
form of tool, while being rather difficult to forge, 
makes a fine finishing tool for wrought iron and 
steel. In any event the point of the tool should 
be kept as close to the back of the tool shank as 
possible. For taking finishing cuts on cast iron 
a very broad nosed tool should be used with 
just clearance enough to allow it to cut. The 
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Fig. 50 

comers should be eased off slightly with an oil 
stone, and the feed should be slightly less than 
the width of the tool. 

The cutting speed of planer and shaper tools 
is governed by the same considerations as were 
given for lathe tools. With the ordinary planer 
there is no provision made for varying the cut- 
ting speed after the machine has been set up, 
hence a suitable cutting speed is selected for the 
work each particular planer is expected to do. 
In order to adapt the planer for the cutting of 
hard metals and heavy cuts, it is generally set 
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up to run at a speed of from 15 to 25 feet per 
minute. This speed is much below that which 
would be suitable for brass and other soft 
metals, so that modern installations of planers 
now make provision for varying the speed of 
the countershaft, so that the table speed may 
be easily changed to accommodate the varying 
conditions of material and depth of cut. 

Shapers are provided with stepped driving 
cones and back gears, thus giving a wide range 
of cutting speeds. If this provision were not 
made, it would require the same length of time 
to machine a short piece of work that it would 
take to machine a long one. 

The use of ''high speed" tool steels has been 
extended to the planer and shaper, and where 
these machines have been speeded up cor- 
respondingly, the output has been greatly in- 
creased, in some cases more than doubled. 



CHAPTER XXI. 

MACHINE WORK — SLOTTING MACHINE WORK. 

The slotting machine, or slotter as it is com- 
monly called, is a modification of the shaper, 
and is a very important tool in railway shops. 

Fig. 1 shows a modem tj^ of slotter, and it 
will be seen that the cutting tools are carried 
on a ram C, that has a vertical movement, the 
work table G occupying a horizontal position. 
The cone spindle F has a pinion which drives 
the large spur wheel H upon a horizontal shaft. 
This spur wheel is connected to the shaft by a 
''quick return motion," the housing of which 
is shown at /. Upon the inside of this spur 
wheel is a cam groove / for operating the auto- 
matic feed motions. At the opposite end of the 
shaft from gear H is fastened the crank disc J, 
which has a crank pin movably mounted in a 
radial slot in its face. This crank pin may be 
rigidly fastened in any desired position, thus 
regulating the stroke of the ram C. The crank 
pin is connected to the ram by a connecting 
rod and wrist pin. One end of the wrist pin is 
shown at K, and it is adjustable in a slot g 
in the ram, thus allowing the position of the ram 
to be adjusted with reference to the work table. 
This adjustment is made by operating the handle 
shown at L. The cutting tools are carried in 
the clamps h, h, h, at the lower end of the ram. 
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The ram is counter-balanced by the weight M, 
so that the ram is alwaj's held up and there is 
no jump when the tool meets the work. 

The work is secured to the circular table G, 
this table being capable of being revolved about 



Fig. 1 

its axis to feed the work to the cut. This table 
is carried upon a compound slide having two 
horizontal motions, one at a right angle to the 
other. The lower shde D is operated by the 
rod b running through the center of the machine, 
this rod being operated by the worm wheel d 
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on shaft c. The upper slide E is operated by 
feed screw e. Feed rod a has a worm that 
meshes with teeth cut on the periphery of the 
jcircular table, thus rotating the latter. These 
three feed motions may be operated by hand, 
or automatically through the medium of the 
rod if shaft 7, adjustable crank k, and the gears 
Z, m, n, and p. Gear p slips on to the various 
feed rods, and in the position shown in the figure 




the feed motion for the lower slide D would be 
operated. 

The cutting tools are carried in one of these 
ways : first, bolted direct to the face of the ram, 
in which case they stand vertically; second, in 
a box, or apron p, secured to the lower end of the 
ram, in which case the tool will stand hori- 
zontally ; third, held in a tool bar, in which case 
the tool may stand horizontally or vertically, 
depending on the construction of the tool bar. 
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. Fig. 2 shows a form of tool used when the tool 
is carried in the first described method. The 
cutting edge is formed at the end of the bar, and 
the shank of the tool is generally made square 
so that the tool may be turned in any one of four 
directions. In this tool the angle a, 6, c is the 
angle of clearance, and the angle d, 6, e is the 
top front rake. This form of tool is not used to 
any great extent except for cutting key ways or 
slots which are too narrow to admit of a tool 
bar. If the slots to be cut are long, it will 
require a long slender blade to reach through the 
work and the tool will spring considerable, so 
that only very light cuts can be taken. 

Fig. 3 shows a tool holding bar for the slotter, 
designed and patented by Mr. William T. 
Slider, of Indianapolis, Ind. The construction 
is clearly shown by the figure. The upper part, 
or sleeve a, is clamped to the ram. Annular 
grooves 6, 6 are cut in this sleeve at intervals, 
and by means of pins c, c which pass through the 
clamps df d, the sleeve can be locked in place, 
insuring it against the possibility of being 
forced upward under the pressure of a heavy 
cut. The several grooves in the sleeve permit 
it to be closely adjusted to suit the work. By 
loosening the clamping bolts the sleeve may be 
turned about its own axis. The clamping collar 
e at the top prevents the sleeve from dropping 
in case the clamps are loosened and the pins re- 
moved at the sam^ time. The upper part of the 
tool post / has a forked lower end, the upper por- 
tion being turned down as a stem which passes 



through the sleeve a, and is held in place by the 
nut and washer g at the upper end. The joint 
between the post / and the sleeve a at ft is tap- 
ered as shown, so that when the nut g at the top 
is drawn up, there will be no lost motion be- 




Fig,3 

tween them. When the nut g is loose the post 
/ may be turned to any position. These two 
parts have marks upon them so that they may 
be easily brought to any predetermined position. 
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One of the marks on the sleeve a extends up to 
the clamping bracket upon which there is a cor- 
responding mark, and when these register the 
work on the table can be squared up. by the bar, 
as a portion of the post / at its lower end is 
squared for this purpose. 

The lower part of the post i is pivoted to the 
forked end by the pin k. This allows the lower 
part to swing backward slightly on the return 
stroke, the spring I forcing it into place as soon 
as the tool leaves the work. The tension of the 
spring may be adjusted by the screw w, and if 
desired, the post may be made rigid by turning 
screw m in until it meets the shoulder at n on 
piece i. The pivot fc, upon which the lower part 
swings, is placed to one side of the center so 
that the faces of the two parts which come in 
contact when the tool is cutting will have 
ample area to resist the pressure of the cut. The 
cutting tools are held in the slot by the two set 
screws p and may also be held by a tapered key 
5, if desired. 

The cutting tools for use in this bar are 
similar to ordinary planer and shaper tools and 
should have the same amount of clearance. 

In operating a slotter care must be taken that 
the tools or ram do not strike the table. The 
height of the ram should be so adjusted that 
the end of the tool will pass by the lower edge 
of the work, but not touch the table. To set 
the ram it should be lowered so that the tool 
bar, or tool if it is of the solid type, rests on a 
piece of metal of suitable thickness on the 
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table. With the clamps loose, the machine 
should be turned by hand until the crank pin is 
at the lowest point of the stroke, after which 
bolt K, Fig. 1, is tightened. If any change in 
the length of the stroke is made, the position 
of the ram will require re-adjustment. 

Owing to the relative position of the ram and 
work table, almost all slotter work must be 
laid out with lines, as the construction of the 
machine makes it impossible to set work true 
by using the surface gauge, or calipers, as may 
be done in the case of the planer and shaper. 
The work is secured to the table by clamps as 
was described with reference to planer work, 
and the same care must be used in adjusting the 
clamps so as not to spring the work. In very 
few cases can the work be secured directly to 
the table, it being necessary to support it on 
parallel strips in order to enable the tool to pass 
beyond the lower edge of the work. 

In railway shops the following work is gen- 
erally assigned to the slotter, and a brief descrip- 
tion of the setting up of this work will be given. 

1. Machining the inside surfaces of rod 
straps. 

2. Machining the brass and cellar fits of 
driving boxes and cellar fits of engine truck 
boxes. 

3. Machining the edges of locomotive frames. 

4. Squaring the ends of connecting and 
parallel rods and cutting the key ways in same. 

5. Cutting key ways in driving wheels. 

6 . Machining the edges of driving box brasses^ 
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and sometimes used for machining the circular 
portion of the brass. 

8. Used for machining any other surfaces 
for which the peculiar construction of the slotter 
makes it particularly adaptable. 

Fig. 4 shows a rod strap as it should be laid 
out to have the fit for the brass and rod ma- 
chined, also to have the ends trued up. The 
strap is placed on two parallel pieces a, a, these 
pieces being so placed that they will come inside 
of the scribed lines as shown. The strap is 
secured by four clamps 6, 6, 6, 6. After securing 
the strap in this manner a pointer is clamped in 
the tool bar and the work brought under it so 
that the pointer just comes to the scribed line. 
The setting of the work is then tested by mov- 
ing the work table past the pointer and noting 
if the pointer follows the scribed line. If it does 
not, the work table should be revolved until the 
pointer will follow the line. The table should 
be then clamped in this position and the two 
right angled feeds will allow the lines to be fol- 
lowed. The inside comers at d, d must be fin- 
ished with a tool ground to the correct radius. 
In the strap shown, the butt end is finished to an 
arc of a circle having a 12-inch radius. In this 
case the strap must be so set that the center of 
this arc will coincide with the axis of rotation of 
the table. This may best be done by using a 
suitable mandrel in the center hole of the table 
and setting line c, c true with the mandrel by 
using hermaphrodite calipers as shown with ref • 
erence to setting driving boxes in Fig. 5. Where 
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there are a number of similar straps to be slotted 
they should be placed one on top of the other, 
the top one only being laid out. 

Fig. 5 shows a driving box set to have the 
circular fit a, a, a for the brass, and the fits 6, 6 
for the cellar machined. The box A is placed on 
the two parallel pieces c, c, and secured with the 
four clamps d, d, d, d. The center from which 
the line a, a, a was scribed must be set exactly 
over the axis of the table by using the mandrel 
e in the center hole in the table. This mandrel 
should be some even number of inches in diam- 
eter and the hermaphrodite calipers set to the 
radius of the circle a, a, a, less one-half the 
diameter of the mandrel. The corners at a, a 
should be finished with a formed tool. After 
finishing the brass fit, the cellar fits should 
be machined, setting the table to the lines /, /, 
as was described with reference to the rod strap. 

Fig. 6 shows a main frame set to have the 
various fits for the front frame machined. The 
frame A is placed on the parallel pieces a, 6, c, d 
and e and is secured to the table by the clamps 
fy 9j hj i, j and k. The rear end of the frame is 
supported by the two horses B and C. On top 
of these horses are placed the two rollers I and 
m, and on top of these the single roller n sup- 
ports the frame. The horses must be carefully 
leveled up to such a height that the roller n will 
be in line with the top of the parallel pieces. 
This system of rollers will allow the movement 
of the frame in the direction of the longitudinal 
and lateral table feeds. After the inside sur- 
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faces are machined the clamps must be changed 
to enable the outside surfaces to be reached. 
Care must be taken to get the horses the cor- 
rect height and level with the table, so that the 
frame will not be sprung by the clamps. 

Shops where much frame work is done are 
generally provided with a special frame slotter. 
These machines are of the traveling head type, 




the work remaining stationary while the tool 
is given the feed motions. They have a station- 
ary work table long enough to take the largest 
frame to be machined, the rams, of which there 
are two or more, being supported by housings 
similar in form to those of a planer. These 
housings are movable along the bed, and the 
rams, being supported by a cross rail between 
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the housings, are movable across the table. 
These slottera have no circular movement, the 
two feeds being at right angles to each other. 

Fig. 7 shows a connecting rod set up to have 
the end squared. Ihe stub end of the rod A 
is supported on the parallel strips a and 6, and 
secured to the table by the clamps c and d. 
The rod is to be cut off to the line e, e, and the 
table must be so adjusted that the tool will 
follow this line. The overhanging end of the 
rod must I>e supported either by horses, as was 
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described with reference to Tig. 6, or bj' hold- 
ing it up by means of a chain block from the 
roof trusses, whichever may be most convenient. 
Fig. 8 shows a connecting rod set up to have 
the key way cut. The rod A is supported on the 
parallel strips a, a, and is adjusted with the 
wedge 6 so that the line c, c, which indicates the 
taper of the key way, will be square with the 
table. The stub end of the rod must be set per- 
fectly square with the table by using a square 
as at e. For cutting key ways a tool similar to 
that shown in Fig. 9 should be used. The shank 
A fits the slot in the tool post, and the body B 




ehould be ground to the exact width of the key 
way to be cut. The cutting edge is along the 
Une C, D. 

Fig. 10 shows a jig for holding driving box 
brasses while machining the lug fits at a and 6. 
The jig consists of a V block A, which is bolted 
to the slotter table as shown. The brass is 
clamped in a vertical position by means of the 
clamp B and J-inch bolts c and d. Two lugs 
e and /, 2 inches high and 1 inch thick, hold the 
brass above the table, thus providing clearance 
for the tool at the bottom of the stroke. Brasses 



Fig. 9 

can be machined in this manner on the slotter 
much quicker than it can be done on the planer, 
as the table feeds of the Blotter enable the brass 
to be adjusted to the lines more readily than can 
be done on the planer, and a more rapid cutting 
speed can generally be obtained. 

In some shops a somewhat similar device is 
used for holding a brass to the slotter table for 
machinine the circular fit of the brass. With a 
properly designed mandrel, or jig, this work can 
be done on the slotter quicker than it can be 
done in a lathe. 



SLOTTING AfACHINE. 



tf59 




/ 




I^ig. 10 



560 



SHOPS, 



Fig. 11 shows the hub of a driving wheel laid 
out to have the key way cut. This key way is 
generally cut on the side of the axle bore next 
to the crank pin, and on a line joining the cen- 
ters of the axle and crank pin bores. This being 




Fig. 11 

the case it is necessary to locate the line^ c, d, 
joining these two centers. This line may be 
located by finding the centers of the axle and 
crank pin bores, as at a and bj and with a straight 
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edge set to these centers scribing the line c, d on 
the hub face. The key way is then laid out 
central with the line c, d, as shown in the figure. 
A better method of locating line c, d is shown 
in Fig. 12. In this case two center squares are 




Fig. 12 



used as shown. This method is quicker and 
generally more accurate than the first. In case 
the crank pin is in the wheel the line c, d may be 
located as follows (see Fig. 13). A center square 



is applied to the axle bore as shown at A, and a 
line a, 6 scribed along the edge of the square. 
The square is then placed in the position B, 
shown by the dotted lines, and the line e, / 
scribed. From the points where the Unes a, h 




Fig. 13 



and e, / intersect the axle bore, with a pair of 
hermaphrodite calipers set to any convenient 
distance, arcs are scribed intersecting the Unes 
a, h and e, f &t g and h. Setting the caUpers to 
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a less distance, in a similar manner, the arcs i 
and j are scribed. The points of intersection of 
these arcs with lines a, 6 and e, f are joined by 
lines g, h and i, /, and these lines bisected at 
k and L The line c, d is then drawn through 
points k and Z, and if the work has been care- 
fully done, it will join the centers of the axle and 
crank pin bores. 

To cut the key way the wheel is secured to the 
slotter table and the table adjusted until the 
tool will follow the line c, d. The key way is 
then cut, being careful to see that it is cut 
central with Une c, d. 

Errors in slotting machine work will be due 
generally to errors in setting the work, but in 
some cases there will be an error due to the 
spring of the ram. To overcome this, the ram 
slides must be kept closely adjusted. Some- 
times a slotter will be found in which the ram 
does not travel exactly at a right angle to the 
top of the work table. Where such is found to 
be the case, the -error may be corrected by the 
proper shiming up of the work. 

The same considerations govern the cutting 
speeds and rate of feed as have been previously 
discussed. 



CHAPTER XXII. 

MACHINE WORK — MILLING MACHINE WORK. 

Until within the last few years the only type 
of milling machine found in railway shops was 
the universal machine, and its use was confined 
almost entirely to tool room work. 

While the milling machine, as originally 
developed, was intended for the production of 
duplicate work of intricate outline, it is gradually 
becoming recognized that the process of milling 
may be economically applied to a great variety 
of work usually performed in the shaper, planer 
and siotter. In the following pages some 
examples of this class of work will be given. 

To obtain the maximum benefit from the 
milUng machine, the making of the tools and 
fixtures calls for a very high order of skill, and 
the work must be handled in as large quantities 
as possible. The adjustment of the machine, 
or ''setting up," requires the services of a skilled 
machinist, but after it has once been adjusted, 
the actual placing of the work into the machine, 
taking the cut, and removing the work may be 
done by a less skillful hand. However, when 
the milling machine is used to take the place 
of a shaper, planer or siotter on single jobs, 
the employment of a competent machinist is 
absolutely necessary, since in such cases the 
same degree of skill is necessary for the opera- 
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tion of the milling machine as is necessary for 
the operation of the machine tool whose place 
is being taken by the milling machine. 

As will be shown later, the millii^ cutters 
are so formed as to generate the full profile of 



the work surface as the cutter advances over 
the work, hence the accuracy of the work will 
depend on the accuracy of the cutter, and the 
accuracy of the measurements taken in setting 
the work. With the planer, shaper and Blotter, 
the accuracy of the work depends almost en- 



tirely on the personal skill of the machinist. 
Milling machines are built in a variety of 
forms, the more common ones being the plain 
and universal machines of the column form, 
the vertical spindle machines, and the various 
forms of "planer type" machines. 




Figs. 1 and 2 show the usual type of uni- 
versal machine. The frame A supports the 
bearings for the spindle B which is driven by 
the cone C from the countershaft. The spindte 
is "back geared" in the same manner as the 
lathe, the back gears being shown at D and E. 
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The spindle is hollow, and the end at a is bored 
taper to receive the shank of the cutter, or an 
arbor 6 upon which the cutter is mounted. The 
outer end of this arbor is supported in a bearing 
in the arm F, which arm is adjustable upon 
the bar G, which is parallel to the axis of the 
spindle. This arm is further supported by 
clamping it to the frame, or support H affixed 
to the table. It is evident that the frame. H 
cannot be used if the vertical table feed is to 
be operated. The knee / is fastened to the 
vertical face of the frame in much the same 



Fig. 3 

'manner that the cross shde is secured to the 
shaper frame. This knee can be raised and 
lowered by turning the elevating screw c, which 
is operated from the front of the machine by 
the handle d, shaft e, and the bevel gears at /. 
The top of the knee is finished at a right angle 
to the surface of the slide on the frame, and is, 
therefore, parallel with the axis of the spindle. 
The clamp bed J is carried on the top of the 
knee, and can be moved along it in a straight 
line parallel with the spindle axis. This move- 
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ment is secured by means of the cross feed 
screw g and handle h. The clamp bed carries 
the saddle K, which is pivoted to it, and which 
can be rotated through an angle of about 45^. 
The base of the saddle is graduated in degrees, as 
shown at i, for convenience in setting. The 
0° on the saddle corresponds with the line on 
the clamp bed when the axis of the table L stands 
at a right angle to the axis of the spindle. The 
upper part of the saddle is formed into ways 
which carry the table L. The movement of the 
table, which is parallel to the top surface of 
the knee, is controlled by the feed screw j and 
handles k. The various feed motions may be 
operated automatically, the power being con- 
veyed through a nest of change gears at M and 
shaft l. The feed screws have graduated collars 
reading to rinni oi an inch, so that adjustments 
may be easily and accurately made. These 
collars are locked in any position by suitable 
thumb screws. 

Universal milling machines are always fur- 
nished with a varietv of attachments, such as a" 
vise, raising blocks, chucks, face plates and 
universal dividing head. The most important 
of these attachments is the universal dividing: 
head and tail center, which are shown at A' ai.d 
0, Fig. 1, the two comprising what is commonly 
called a pair of index centers. These centers 
are shown in Fig. 3, and two sectional vievvs 
through the dividing head are shown in Fig. 4. 

The head and tail centers are bolted to the 
table, being held in hne by suitable tongues on 
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the bottom, which fit in the T slots in the table. 
Referring to Fig. 4, the spindle A rotates in 
bearings in the head B, and on it at C is affixed 
a worm wheel which engages with the worm D 
on worm shaft E. The spindle is hollow, and is 
bored out taper for the reception of the center 
F, and the nose is threaded to take the chuck 
and face plates. Attached directly to the 
spindle is an index plate G, which is held in any 
desired position by the pin H, operated by the 



handle /. This plate generally has 24 holes, and 
is used for miscellaneous dividing when the 
number of divisions is small. The worm shaft 
turns in an eccentric sleeve, offering an effective 
way of taking up the wear between the worm 
and worm wheel, and also for disengaging the 
worm from the wheel for direct indexing by 
means of plate G. 

The worm shaft E carries on its outer end 
the sleeve K, which is free to rotate about the 
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shaft. The inner end of this sleeve has gear 
teeth cut upon it at R, which teeth mesh with 
teeth cut upon the periphery of the bevel gear P 
(see Fig. 3). This bevel gear is mounted upon 
shaft T, Fig. 4. The dividing plate L is held 
to the sleeve K and rotates with it. The crank 
M is secured to the end of the worm shaft, and 
carries the handle M^ which is adjustable 
radially in the crank. A small pin U passes 
through the handle and engages the holes in 

■ 




any of the circles in plate L. Another pin is 
attached to the head B, which pin may be 
engaged with holes in the back of the dividing 
plate, thus preventing the plate from rotating. 
In order to keep the dividing plates of a con- 
venient diameter, several plates are necessary 
to get the range of divisions generally provided. 
A sector N, mounted loosely on the worm shaft 
between the handle and the dividing plate, 
serves to assist in counting the number of 
spaces between the holes, and can be adjusted 
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to include any desired number of spaces between 
the radial arms. 

As all dividing heads are so constructed that 
it requires forty turns of the handle M to make 
one turn of the spindle, the following rule will 
determine the spacing for any required division. 

Write 40 as the numerator y and the required 
number of divisions as the denominator of a 
fraction. Reduce this fraction to a mixed number 
or another fra^ioUj as the case may 6e, the fra^ction 
having a denominator corresponding to the number 
of holes in any circle available. 

Thus, suppose it is required to cut 27 teeth 
in a gear. 4t = lil? hence it will require one 
complete revolution of the handle plus 14 of a 
revolution. The sector should be set to include 
13 spaces (14 holes) on the 27-hole circle. Sup- 
pose it is required to cut 100 teeth. Y^^y = Iv = I • 
This ratio will not be changed if both numerator 
and denominator are multiplied or divided by 
the same niunber. As no circle is provided 
with 5 holes, it will be necessary to find a circle 
having a nmnber of holes exactly divisible by 5. 
Suppose a 20-hole circle is provided : 20 -5- 5 = 4, 
and T X I = A; therefore, 8 divisions (or 9 holes) 
on the 20-hole circle will divide the gear into 
100 divisions. 

The majority of machines are provided with 
index plates having the following number of 
holes: 15, 16, 17, 18, 19, 20, 21, 23, 27, 29, 31, 
33, 37, 39, 41, 43, 47, and 49, which will provide 
for all divisions up to 50, and all even divisions 
up to 100, Some machines are provided with 



plates that will divide all divisions up to 360, 
and all are generally provided with a table 
showing the correct indexing, as follows : 



No. of 


Indei 


No. o( Turnsll No. of 


Index 


No. of Turns 


Teelli. 




al Index. || Te«th. 


arelB. 


of Index. 




Any 


20 


80 


20 


\% 




39 


131 






H 




Any 


10 


84 


21 


VI 




Any 


8 




17 


A 




39 


Bj 


86 








49 


51 


88 


33 






Any 


fi 


90 


27 








41 




23 






Any 




94 




II 




33 


3i 


95 










31 




49 






3B 


3:f 


100 


20 






49 


21 










39 


2! 




27 






20 






33 






17 


2; 


115 










2,' 










19 


2/ 


120 


39 






Any 


2 
















16 




22 


33 


11 


130 


39 
















24 


39 






27 


s 


25 






13fl 




26 


39 




140 


46 














ze 


4ft 




145 


29 




29 


29 




148 






30 




1 






{, 




31 


1 


152 


19 


f. 




20 


if 






A 


33 




u 


156 


39 


a 






if 


160 


20 


f. 


3 


49 


K 




41 


It 


3 


27 


U 




33 


A 




37 


1^ 




21 


f, 


38 


19 


1, 






ft 


39 




li 




43 




* 


Any 




180 


27 






41 


1 


184 








21 


( 




37 






43 




188 






4 












45 


27 






39 




46 


23 


i 


19« 


49 


It 


4 




] 






A 




18 








A 








210 


21 


f, 


GO 






215 




A 


6 


39 






27 


s 


G 




i 


220 


33 
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No. of 


Index 


I No. of Turns 


No. of 


Index 


No. of Turns 


Teeth. 


Circle. 


1 of Index. 


Teeth. 


arcle. 


of Index. 


55 


33 


n 


230 


23 


A 


56 


49 


n 


232 


29 


A 


58 


29 


\% 


235 


47 


A 


00 


39 


18 


240 


18 


A 


62 


31 


3? 


245 


49 


A 


64 


16 


{% 


248 


31 


/i 


65 


39 


II 


260 


39 


A 


66 


33 


n 


264 


33 


A 


68 


17 


1^ 


270 


27 


A 


70 


49 


23 


280 


49 


A 


72 


27 


i9 


290 


29 


A 


74 


37 


1? 


296 


37 


A 


75 


15 


ill 


300 


15 


A 


76 


19 


is 


310 


31 


A 


78 


39 


1% 


312 


39 


A 



It will sometimes be required to make di- 
visions not provided for by the regular plates 
and ordinary method of indexing. In such 
cases the required division may be made by 
what is known as "compound indexing," which 
consists of indexing forward on the front side 
of the plate in the usual manner, and then 
indexing either forward or backward, as the 
case may be, in a different pircle of holes from 
the back of the plate. Machines which are 
equipped for this compound indexing generally 
have a table of such movements. Where such 
a table is not at hand the correct movements 
may be calculated in the following manner: 

The number of divisions required should be 
factored to the lowest terms. Then choose an index 
plate and take two circles of holes for trial. Take 
the difference in the number of holes in the two 
selected circles and factor this difference. Draw 
a line under the factors. Neztj factor the number 
of turns the index crank makes for one turn of 
the spindle, writing the factors below the horizon- 
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tal line. Nextj factor the number of holes in the 
two circles chosen^ placing these factors below 
the horizontal line. Noio cancel equal fojctors 
above and below the linCy and if all the factors 
above the line cancely it wHl be possible to make 
the required division with the index circles chosen, 
and the number of holes to be indexed forward 
on one circle, and backward on the other circle, wHl 
be the product of the uncancelled factors below the 
line. If all the factors above the line do not cancel 
out, the division cannot be made, and two other 
circles must be chosen. 

It is evident that the factors of the number of 
holes in the circles chosen, and the factors of the 
number of worm turns per revolution of the 
spindle, must contain the factors of the division 
required and the factors of the difference be- 
tween the number of holes in the chosen circles. 
If the division can be made, a plus sign should 
be written before one of the moves, and a minus 
sign before the other, to signify that they are to 
be made in opposite directions. 

Suppose for example that it is required to 
obtain 77 divisions with a machine equipped 
with the usual index plates, the ratio between 
the turns of the worm and spindle being 40 to 1. 

Choose two circles for trial, say those having 
49 and 33 holes. By the rule given we would have 

77 -Xxy[ 
49-33 = 16=^x^x;2^x2 

49=;rx7 
33 = 3x>f 



Fig. 6 
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As the factor 2 above the line does not cancel, 
the division can not be made with the circles 
selected. 

Take for another trial the circles containing 
33 and 21 holes. 

77 -Xxyl 



4Q^Zx^x2xb 

33 = 3x>f 

21=^xr 
As all the factors above the line cancel, the 
division can be made. Multiplying the uncan- 
celled factors below the line together we get 
2x5x3 = 30, therefore in order to make the 
division it will be necessary to index forward 30 
spaces in the 33-hole circle, and then index 
backward 30 spaces in the 21-hole circle, as 
30/21 — 30/33 = 330/231 — 210/231 = 120/231, 
which is equivalent to indexing forward 120 
spaces in a circle having 231 holes, and 120/231 
of 1/40 = 120/9240 = 1/77, the required di- 
vision. 

These moves may be simplified in a great 
many cases by adding algebraically any num- 
ber of whole turns, a part of a turn, or a whole 
turn and a part of a turn, with a minus sign 
prefixed to the forward move, and the same 
amount with a plus sign prefixed to the back- 
ward move. Thus in the example just given we 
may add one whole turn as foUows. One com- 
plete turn will equal 33/33 and 21/21, and the 
operation will be as follows: 
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+30/21-30/33 
-21/21+33/33 



+ 9/21+ 3/33 

As both signs in the result are the same it 
indicates that the two moves will be in the same 
direction, and we would index forward 9 spaces 
in the 21-hole circle and then forward 3 spaces 
in the 33-hole circle. 

Take another example. Suppose it is required 
to make 57 divisions. We will select circles 
having 19 and 15 holes. 

57=^x>^ 

19-15= 4 =;r>^ 

40=^X^x2x5 
19 = 1 x>« 
15=^x5 

2x5x5 = 50 
As all the factors above the line cancel, the 
division can be made with the circles selected, 
so we would have + 50/15—50/19, or in other 
words, would index forward 50 spaces in the 
15-hole circle and backward 50 spaces in the 
19-hole circle. As counting this number of 
holes would be very inconvenient, we will add, 
as before described, three whole turns = 45/15 
and 57/19. We will then have 

+ 50/15-50/19 
-45/15+57/19 

+ 5/15+ 7/19 

and we would index for^^ard 5 spaces in the 
15-hole circle, and forward 7 spaces in the 19- 



hok circle. As a proof 5/15 + 7/19 = 200/285, 
and 200/285 of 1/40 = 200/11400-1/57, the 
division required. 

There is no rule that can be given for the 
selection of the circles, or the selection of the 
number of turns to be added in order to simplify 



the result, these factors depending wholly upon 
the judgment of the party making the calcula- 
tions. 

The spindle head B is mounted on the base 
V so that it may be rotated about its center, 
thus enabling the spindle to be elevated or 
depressed from its horizontal position. The 
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range of adjustment is generally somewhat more 
than 90**, although some heads are so con- 
structed that they may be turned through more 
than 180". This adjustment allows a great 
variety of angular work to be performed, such 
as cutting bevel gear teeth. To facilitate the 
adjustmf nt of the head.it is graduated in degrees. 



Fig. 8 

When it is required to rotate the spindle 
while the cutter is operating upon the work, as 
is necessary when cutting spirals, a combina- 
tion of gears between the worm shaft and the 
table feed screw is provided. These gears are 
shown at S in the various figures. As before 
mentioned, the sleeve K carries a gear R which 



meshes with spur teeth on the bevel gear P. 
This gear meshes with bevel gear Q, which is on 
a shaft driven by the train of gears S. If the 
stop pin U is engaged with the index plate L, 
and the back stop pin is released, it is evident 
that the rotation of the worm, and therefore 
the spindle, will be governed by the gear train S. 



Fig. 9 

It is also evident that when the feed screw j is 
at rest, the plate L will be prevented from 
turning without the pin being engaged, and 
the required divisions may be obtained in the 
usual manner. 

All machines are furnished with a table for 
determining the correct change gears to use 
for producing a large number of spirals of 



MILLISG MACHINE. 581 

different pitches. Any desired pitch of spiral 
may be produced by making special gears, and 
a nimiber of pitches not given in the table may 
be produced by different combinations of gears. 
When such a table is missing, or when a spiral 
having a pitch not found in the table is to be 
cut, the correct gears may be found as follows: 



Fig. 10 

Multiply the pitch of the table feed screw by 
the pitch of the spiral and place the product as 
the numerator of a fraction having the number of 
turns of the worm necessary to turn the spindle 
once for the denominator. Generally this last 
number will be 40. This fraction will denote 
the ratio existing between the number of teeth 



in the gear on the dividing head and the number 
of teeth in the gear on the feed screw. 

Thus, if a spiral pitch of 10 inches is required 
to be cut, and the feed screw is 4 pitch, the 

fraction would be — — — = 41 ; therefore, 

equal gears on the head and screw would pro- 



Fig. 11 

duce it. In fact, the process of calculation is 
exactly the same as was described for calculating 
the change gears for screw cutting. Generally, 
it will be foimd necessary to compound the 
gears, but wherever possible single gears should 
be used. 

With the arrangement of gears shown in 
Fig. 2, the machine will cut a right hand spiral. 
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If a left hand spiral is required an extra jrear 
must be placed in the train, thus changing the 
direction of rotation of the spindle. 

In the cutting of all spirals, the work table 
must be set at an angle with the axis of the 
cutter spindle, so that the cutter will be tangent 
to the line of the spiral. The amount of this 
ofT-set is equal to the spiral angle of the work, 
and may be determined graphicalh', or by 
calculation. The first method is as follows (see 
Fig. 5) : 

On any plane surface draw two lines a, b and 
c, d at right angles to each other. From e, the 
point of intersection, lay ofif on line c, d a dis- 
tance e, / equal to the pitch, or lead, of the 
spiral. From e on line a, b lay off a distance 
6, g equal to the circumference of the work. 
Join points g and / and the angle g, f e will be 
the required angle for the table. 

To calculate the angle divide the circumference 
of the work by the lead of the spiral. The result 
will be the natural tangent of the required 
angle, and the angb may be found by consulting 
a table of natural tangents. Thus, if it is 
required to cut a spiral of 6 inches pitch, on a 
cylinder 2 inches in diameter, we would have 

^ = 1.0472. Lookmg m a tabl? of 

natural ^ tangents we will find that 1.0472 is the 
tangent of the angle of 46° 15', nearly. 

From the foregoing it will be readily seen 
that the angle to which the table must be set 
depends on the lead of the spiral and the diam- 
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eter of the work. With a given lead the angle 
■will increase as the diameter of the work in- 
creases. 

In cutting spiral grooves, the sides of which 
are required to be parallel, an end mill must be 
■used, and when angular grooves are to be milled, 
double angle cutters must be used if the result- 



Fig. 12 

ing groove is to be a counterpart of the cutter. 
As a great deal of spiral milling requires that 
one side of the groove be radial, it is necessary 
to use a double angle cutter, and set it "off 
center" sufficiently to make the required side 
of the groove radial when the cutter has entered 
the work the required depth. The distance 
that the cutter must be off-set may be found 
bv the following rule: 
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MvUiply one-half of the diameter of the work 
at the bottom of the cut by the sine of the angle 
mchided between that side of the cutter with which 
the radial side of the groove is to be cut and a plane 
perpendicular to the axis of the cutter. Fol- 
lowing is the table, which is approximately 
correct, having been calculated by the rule 
above, except that the depth of the cut was not 
taken into consideration. 



Angle of Cutter 


Off-set. 


12» 


Diameter x 0.1 


274» 
30^ 


Diameter x . 23 


Diameter x 0.25 


40* 


I>iameter x 0.32 


45° 


Diameter x 0.35 


48° 


I>iameter x 0.37 


63° 


Diameter x 0.4 



In cutting spiral grooves the work should be 
rotated toward the side of the cutter having 
the greatest angle, and care must be taken that 
the work is securely held so that it cannot slip 
in any direction, as such slip will be sure to 
spoil the work, and also the cutter and arbor. 

Milling machine cutters are made in a variety 
of forms, but may be classified generally as 
plain cutters; side, face or butt mills; angular 
cutters, end mills, and formed cutters. In 
Fig. 6 is shown a number of these cutters. 
No. 1 is what is generally called a slitting saw, 
and is used for cutting off stock, and milling 
narrow grooves, etc. It is clamped between 
washers on an arbor. They are made in a 
variety of widths and diameters, and are the 
simplest form of milling cutter. No. 2 is a 



Fig. 13 
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plain, wide-faced cutter with helical, or as they 
are commonly called, spiral cutting edges. Ihis 
cutter is used for plana surfaces. No. 3 is the 
same style of cutter, except that the teeth are 
nicked for the purpose of breaking up the chips. 
In large sizes these cutters are made with 
inserted teeth. No. 4 is a side milling cutter 
used for facing work surfaces which stand at a 
right angle to the axis of the cutter. No. 5 is 
the same style of cutter, except that the body 
is made of soft steel with the teeth inserted in 
slots. Nos. 6 and 7 are examples of formed 
cutters, the ones shown being used for cutting 
gear teeth. No. 8 is an example of an end mill 
used for cutting grooves, etc. Milling cutters 
are made in almost every conceivable shape, 
and are also mounted in gangs on the arbor, as 
will be shown in the examples given later. 

The making of correctly formed milling cutters 
is a trade by itself — lack of space will not allow 
it to be taken up, but it will well pay any 
machinist to get all the information he can 
regarding it. 

In order to do good milling it is absolutely 
necessary that the cutters bo kept sharp, and 
also that they are so ground that all the cutting 
edges are the same diistance from the axis of 
rotation. This latter condition calls not only 
for the cutters to be ground true, but that the 
arbors upon which they are mounted must be 
kept true. A correctly ground cutter mounted 
upon an arbor which does not run true will not 
do good work. Notv;ithstanc!ing this fact it is 



'-ig. 14 



MILLING MACHINE. S89 

altogether too common a sight to see milling 
cutters grinding away with perhaps only two 
or three teeth doing the cutting. To keep 
milling cutters in condition, a grinding machine 
is an absolute necessity. 

Generally the milling cutters are mounted on 
an arbor which is fitted to the tapered hole in 



the spindle, and, except in the smaller sizes, 
they are driven by a key. The arbors are 
supplied with washers of various lengths, be- 
tween which the cutter is placed and held by a 
nut on the end of the arbor. Care should be 
taken to see that the direction of rotation of 



the cutter and the thread on the arbor are such 
that any tendency of the cutter to sUp will 
tend to tighten the nut. Before placing an 
arbor in position, the hole in the spindle and 
the shank of the arbor should be thoroughly 
cleaned of all chips and grease. The arbor 
should be placed in the spindle so that the 
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tang will enter the slot in the spindle, and 
should be driven home by a fair blow with a 
heavy soft hammer. The presence of oil be- 
tween the arbor and the hole in the spindle 
will make it impossible to keep the arbor tight, 
and unless evenly distributed it will cause the 
arbor to run out of true. 

Work is held in the milling machine in much 
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the same maimer as has been described for 
other machine tools, and the same considerations 
relative to the clamping and setting will apply. 
Generally speaking, work must be more securely 
fastened in the milling machine as the pressure 
of the cut is greater; also, there will be greater 
tendency for the pressure of the cut to spring 
the work. As the milUng machine shows to 
the best advantage on duplicate work, special 
work holding devices and jigs should be made 
use of wherever possible. 

In the matter of the proper cutting speed 
for milling operations, there will be a great 
difference, owing to the great variety of work 
done, but, generally speaking, the speeds will 
be somewhere between 15 and 25 feet per 
minute for hard steel ; 30 to 40 feet per minute 
for soft steel, wrought iron and hard castings; 
50 to 60 feet per minute for soft castings, bronze, 
etc., and from 80 to 100 feet per minute for 
brass. This cutting speed is the peripheral 
speed of the cutter, and is found by multiplying 
the circumference of the cutter in feet by the 
number of revolutions per minute. 

The rate of feed to be used will depend on 
ths pitch of the cutter teeth and the provisions 
made for keeping the cutter clear of chips ; also, 
on the character of the work, the manner in 
which it is held to the table, and the degree of 
finish which is required. The latter require- 
ment will, in a great many cases, be the govern- 
ing factor. The examples of milUng operations 
which will be given later will give the reader a 



good idea of what is being accomplished in this 
matter in various shops. 

All modem milling machines are provided 
with means for copious lubrication of the cutter 
teeth for the purpose of keeping them cool. In 
cutting common cast iron and brass no lubrica- 
tion is necessary, or desirable, but generally all 



Fig. 17 

other materials will require it if the maximum 
output from the machine is desired. 

In the following pages some examples of 
modem milling machmes will be given, together 
with the class of work performed on them in the 
various railway shops, the author believing this 
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to be the best way of showing the adaptabiUty 
of the varioxis machines to railway work. 

Fig. 7 shows a vertical spindle miUing ma- 
chine, the position of the spindle and the cir- 
cular table feed making it peculiarly suited for 
certain kinds of work. The vertical movement 
of the head is actuated automatically by a 
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worm gear, and for boring purposes it is pro- 
vided with an automatic stop which will throw 
out the feed at any pre-determined point. It 
is also provided with a quick return motion. 
A micrometer stop gauge at the upper left hand 
side of the head accurately gauges the depth of 
the cut. The end of the spindle is threaded to 



hold large surface mills, while medium and 
small cutters are held by an arbor or bar pass- 
ing through the hollow spindle. The table has 
two feeds at right angles to each other, and also 
has a rotary feed similar to that of the slotter. 
All of these feeds may be operated by hand or 
automatically, and are provided with stops for 
throwing out the feeds. 



Figs. 8 to 12, inclusive, show this machine 
performing the operations necessarj' to finish 
a group of rod brasses. Fig. 8 shows the finish- 
ing of the joint surfaces with an inserted tooth 
face mill. The table feed is at the rate of 7 
inches per minute. Fig. 9 shows an inserted 
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tooth cutter finishing the inside of the lower 
flange, the table feed being 3i inches per 
minute. The upper flanges are finished at this 
setting by changing the cutter. Fig. 10 shows 
the sides of the brasses being finished with the 
same tool as was used in the operation shown in 
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Fig. 8, but a somewhat slower feed should be 
used. The brasses are then turned over and the 
other side finished. Fig. II shows an inserted 
tooth cutter finishing the bottom of the rod fit. 
This requires two cuts for each side with a table 
feed of 4 inches per minute. The tops of the 



flanges are finished at this setting with separate 
cute with the same rate of feed. Fijg. 12 shows 
the side of the brass and fillet being finished 
with a round-nosed cutter, the circular table 
feed being used. 

Fig. 13 shows a back cylinder head being 
finished, and a finished head is shown leaning 
against the machine. This job is generally- 
considered one for the planer, and on account of 



Fig. 21 

the lugs for the guides would have to be set 
twice and planed in two directions. Unless the 
setting is very carefully done the finish will be 
poor and it will take about 5 hours to do it. 
On the vertical miUing machine two cutters are 
used, one for finishing the plane surface, and a 
bevel cutter for finishing the lugs to the required 
angle. By this means it is possible to finisn the 
head in 2J hours. 

Fig. 14 shows a vertical milling machine at 
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work finishing the ends of side rods. This work 
is generally done on the slotter, but the vertical 
miller will do it much quicker and better. 

Figs. 15, 16, 17 and 18 show the various opera- 
tions of finishing connecting rod straps on a 
plain or universal milling machine. The first 
operation is shown in Fig. 15, and consists of 



Fig. 22 

finishing the ends of four straps at one time. 
The straps are clamped in a jig as shown, and 
the ends are faced by using three plain cutters 
and the power vertical feed. The cutters are 
high speed steel, both sides being used at the 
same time. In the illustration shown, the length 



of the cut is 2J inches, total width about 7 
inches, depth of cut \ inch to | inch. By this 
method the ends of 16 straps are finished per 
hour. 

Fig. 16 shows how the sides of four straps are 
finished at one setting. The straps are clamped 
in a jig, and are operated upon by three inserted 
tooth cutters 8J inches in diameter. The cutting 



Fig. 23 

speed is 50 feet per minute, and the table feed 
is 1 inch per minute. This operation is com- 
pleted on 12 straps per hour. 

Fig. 17 shows the operation of finishing the 
edges of the strap, and cutting out the inside at 
the same time. The machine is shown in the 
position to take the first, or roughing cut, which 
roughs out the inside surfaces and finishes the 
edges. The inside cutter cuts the top and bot- 
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torn at the same time. For the second and 
finishing cut, the work is brought in position 
with the finishing cutter (shown at the left) 
which is made with adjustable blades so that it 
may be maintained at standard size. This cut 
is taken with a table feed of 0.03-inch per 
revolution of the cutter. This operation may be 
completed on two straps per hour. 

Fig. 18 shows the final operation, which is 
that of finishing the inside end. The cutter 
cuts on both the end and the periphery, and is 



Fig. 24 

of the adjustable blade type. The table feed 
for this operation is 0.012-inch per revolution 
of the cutter, using the power vertical feed. 
This operation is performed on 12 straps per 
hour. 

Fig. 19 shows a four-spindle, planer type of 
milUng machine; and Fig. 20 shows this ma- 
chine millin g locomotive connecting rods. The 
edges of the rods are finished by the cutters 
held in the vertical heads. The flute is cut by 
the cutters held in the side heads, while the 
sides of the body of the rod, and the sides of the 



stub eods, are milled by the two cutters shown 
lying on the table, these cutters being carried 
in the side heads. For milting; the flutes, in- 
serted blade cutters 8 inches in diameter and 
the width of the flutes are used, at a speed of 
50 feet per minute, with a table feed of 1| inches 
per minute, or 0.065 inch per revolution of the 
cutter. As the bodies of the connecting rods 



Fig. 25 

are tapered, as well as the flutes, it is necessary 
to set one edge of the rod straight and mill one 
edge of the rod and one side of the flute, then 
re-set the rod and mill the remaining edge and 
fini«h the flute. The rod is then turned over 
and tlie other side finished in the same manner, 
thus requiring the table to be fed the length of 
the rod six times. Parallel rods, being straight, 
will not require re-setting. 
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Fig. 21 shows another form of planer type 
milling machine having only one cutter spindle. 
This machine is intended for the heaviest class 
of surface milling. Figs. 22 and 23 show this 
machine at work on driving boxes. Fig. 22 
shows the sides of the boxes being milled with a 
high-speed steel inserted tooth cutter, 8 inches 
in diameter and 30 inches long. Twelve boxes 



Fig. 26 

are placed on the machine at one time. On 
cast steel the cutting speed is about 50 feet per 
minute, with a table feed of 1§ inches per minute. 
The depth of cut is about \ inch. In milling 
cast steel it is absolutely necessar>' to keep the 
cutter thoroughly lubricated with soda water 
or compound. Fig. 23 shows the operation of 
machining the shoe and wedge fits. In this 
case two boxes are clamped to a jig similar to 



the one shown for this purpose for use upon the 
planer. The cutters are of the inserted tooth, 
interlocking type, 12" in diameter. A group 
of these cutters is shown in Fig. 24. The 
cutters are made in halves, the teeth of one 
half interlocking with, or overlapping those of 
the other half. As the cutters are ground, 
washers are placed between the two halves, 
thus keeping the width constant. In cutting 
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cast iron, these cutters are run about 12 revolu- 
tions per minute, with a table feed of 1§ inches 
per minute, while in cutting cast steel they 
may be run at 15 revolutions per minute, with 
a table feed of t inch per minute. 

Figs. 25, 26 and 27 show the various opera- 
tions of milUng shoes and wedges. The first 
operation, shown in Fig. 25, consists in milhng 
the driving box face. For this purpose the 
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shoes or we^es are held in a suitable jig. The 
cutter used is of the inserted tooth type, 8" in 
diameter and 18" long. It is run at 12^ revolu- 
tions per minute, with a table feed of 2| inches 
per minute. This high rate of feed will not give 
a smooth finish, but as this face of the shoes 
and wedges must be later planed to fines, the 
finish is immaterial. The second operation, 



Fig. 28 

shown in Fig. 26, consists of milfing the two 
side faces and the tops of the flanges. Two 
rows of shoes or wedges are placed on parallel 
strips and clamped, as shown. The sides and 
tops of the flanges are milled at one operation 
by the gang cutters, consisting of the large 
cutters, 13" in diameter, of the inserted tooth 
type, while the small cutters are solid and 6" 



in diameter. They are run 12J revolutions 
per minute with a table feed of 15-16 inch per 
minute. The third operation consists of finish- 
ing the inside surfaces, and is shown in Fig. 27. 
The shoes or wedges are held in the same jig 
that was used for the first operation. The 
cutters used are 12" in diameter and are of the 



Fig. 29 

inserted tooth, interlocking type, so that they 
are adjustable in width. These cutters are run 
12 revolutions per minute with a table feed of 
If inches per minute. 

Figs. 2S and 29 show two other methods of 
handling shoes and wedges. In the first, four 
rows of them are shown, set to have the sides 
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of the flanges finished. This is done by a large 
plain cutter with inserted teeth. Fig. 29 shows 
seven surfaces being finished at one setting 
with a gang of six cutters. This operation is 
a combination of the two shown in Figs. 26 
and 27. 



Fig. 30 

Fig. 30 shows a method of milling the joint 
surfaces of eccentric straps, and needs no fur- 
thor explanation. In a similar manner the 
eccentric halves may be machined at a great 
saving of time over that required by the planer. 

As will be noticed from the foregoing, the 
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milling machine diflfers from the other machine 
tools in the matter of the rate of feed. In the 
case of the planer, shaper, etc., the finishing 
cuts are generally taken with a very coarse feed, 
While if the maximum accuracy of finish is 
desired from the milling machine, the rate of 
feed for the finishing cut must be small. For 
the roughing cut on a milUng machine, a com- 
paratively slow cutting speed and heavy feed 
should be used, and the finishing cut should be 
taken with a faster cutting speed and finer 
feed. As with all machine tools, these factors 
are matters for experiment in order to determine 
the most economical rate of cutting speed and 
feed, taking into consideration the character 
of the work, type of machine available, etc. 



CHAPTER XXIII. 

Machine Work — Something About Gear 

Cutting. 

The subject of gear cutting is one with which, 
as a general thing, the machinist engaged in 
railway work has very little to do. Such being 
the case, it is not at all surprising that the 
average railway machinist knows very little 
about it. in the following pages will be given, 
briefly, enough of the principles governing the 
design of gear wheels to enable the machinist 
to solve such problems as are likely to come up 
in the shop. 

Referring to Fig. 1, if a pair of friction wheels 
roll freely upon each other, the number of 
revolutions will bear an inverse ratio to the 
diameters of the respective wheels. This ratio 
is called the velocity ratio of the wheels. 
Thus, if we call wheel A the driver and wheel 
B the driven, and 

D = diameter of driver 

d = diameter of driven 

N = number of revolutions of driver 

n = number of revolutions of driven then 



n 


D 




dN 




dn 




ND 


^H^^ 


dn 
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These equations are the fundamental ones 
governing the relationship existing between 

607 
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any pair of friction wheels so long as there is no 
slipping between the surfaces in contact. 

In the case of gear wheels this relationship 
is the same, for the reason that the surfaces 
which, in the case of friction wheels, form the 
actual surfaces in contact are used in gear 
wheels in the form of imaginary surfaces upon 
which the forms of the teeth are laid out. 
Thus, in each pair of gear wheels there are two 
circles struck from the centers of the wheels, 
which have at each moment the same linear 




Fig. 1 

velocity and which are called in general the 
ratio circles. The particular ratio circle for any 
gear wheel is called the pitch circle, and upon the 
circumference of this circle are laid out the 
spacings from center to center of the teeth. 

The teeth of gear wheels are made in two 
forms, shown in Fig. 2. The form shown at 
the left is known as the involute, while the one 
shown at the right is known as the cycloidal or 
epicycloidal. The first form has the advantage 
of working correctly if the center to center 
distance between the gears is not absolutely 
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correct, and should always be used in cases 
where this center to center distance is not fixed, 
as in the case of the change gears for the lathe 
and milling machine. 

Referring to Fig. 2, the part of the tooth 
outside of the pitch circle is called the adden- 
dum ^ and the wearing surface of this portion 
of the tooth is called the face of the tooth. 

The portion of the tooth lying inside of the 
pitch circle is called the dedendum, and the 





/^^o/u^ ^*^^ 



Cy<U^*^^^^^ //V/^-^ 



^J^ 





Fig. 2 



wearing surface of this portion of the tooth is 
called the flank of the tooth. 

The point in the pitch circle at which the face 
and flank meet is called the pitch point. 

The circle passing through the tops of the 
teeth is called the addendum circUj and the 
diameter of this circle is equal to the outside 
diameter of the gear blank. 

The circle passing through the bottoms of 
the teeth is called the root circle. The radius 
of this circle is equal to the radius of the adden- 
dum circle less twice the addendum plus the 
clearance. 
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The circular pitch is the distance between the 
centers of two adjacent teeth measured on the 
pilch circle^ and is equal to the circumference 
of the pitch circle divided by the number of 
teeth in the gear. 

As the circumference of the pitch circle is 
equal to its diameter, multiplied by 3.1416, it 
will be seen that if the circular pitch be made 
equal to some number which can be easily 
measured with common shop tools, the diameter 
of the gears, and consequently the center to cen- 
ter distance between them, will be a number not 
easily measured with ordinary shop tools. 
For this reason it is customary to make the pitch 
diameters of the gears some easily measured 
niunber, and thus the circular pitch will be 
fractional. This method of constructing gears 
has led to the almost universal use of the 
diametral pitch. 

The diametral pitch is not, correctly speak- 
ing, a measurement, but is, as generally ex- 
pressed, the ratio existing between the number 
of teeth in the gear and the diameter in inches 
of the pitch circle. In other words, it is the 
number of teeth in a gear having a pitch circle 
one inch in diameter. Thus, if a gear has 28 
teeth and the pitch circle is 4 inches in diameter, 
the diametral pitch = -V = 7. 

From the foregoing it follows that all teeth 
of any given diametral pitch are of the same 
size, and will run together whatever the size of 
the gears may be. Fig. 3 shows the compara- 
tive sizes of teeth of various diametral pitches. 
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In ail diametral pitch gears the addendum 
is made equal to 1 divided by the diametral 
pitch, and the working depth of the teeth is 
equal to twice the addendum. The end clear- 
ance given by different makers varies. The 



aPifc?^ 




6 FJtc^ 



Fig. 3 

Brown & Sharpe Co. make this clearance equal 
to 1-10 of the thickness of the tooth on the pitch 
hne, while the Pratt & Whitney Co. make it 
equal to | of the addendum. 
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Following are the usual formulas used in 
spiu" gear calculations : 

T^ X 1 T^-x 1 Number of Teeth 

1. Diametral Pitch = p-^ u t-w 1 = 

Pitch Diameter 

Number of Teeth + 2 
Diameter. 

^ T^.. 1 T^. X Number of Teeth 

2. Pitch Diameter = Pitrh '^ 

Outside Diameter — p. ^ . 

o r^ X -J T^• X Number of Teeth + 2 

3. Outside Diameter = Pitch 

= Pitch Diameter + p. . i . 

4. Number of Teeth = Pitch Diameter x 
Pitch = (Outside Diameter x Pitch) — 2. 

5. Pitch Circumference = Pitch Diameter x 
3.1416. 

^. 1 T^.. 1 Pitch Circumference 

6. Circular Pitch = Number of Teeth ' 

3.1416 
Pitch • 

7. Thickness of Tooth = s - 



1.57 
Pitch 



« ^1 0.157 1 

8. Clearance = fsirrir or 



Pitch "' 8 Pitch * 
9. Addendum = p-. v . 
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2 

10. Working Depth of Tooth = p. . . or 2 x 

Addendum. 

2 157 

11. Whole depth of Tooth = pj^ or (2 x 

Addendum) 4 Clearance. 

There are several methods of cutting gear 
teeth in use, but the one most likely to be used 
by the railway machinist will be the one known 
as the formed cutter process, using either a 




Fig. 4 

formed cutter in the milling machine, or a 
formed tool in a planer or shaper. 

All manufacturers of milling cutters make 
standard cutters for the involute form of tooth, 
and a number of them also make cutters for the 
cycloidal or epicycloidal form. In the cycloi- 
dal system each diametral pitch requires a set 
of 24 cutters to enable all gears from a 12 tooth 
pinion to a rack to be cut, while for the involute 
S3rstem, a set of 8 cutters are required for each 
pitch. The following table gives the designa- 
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tion of the dififerent cutters as manufactured 
by the Pratt & Whitney, and Brown & Sharpe 
companies : 

TABLE OF STANDARD CUTTERS. 



CYCLOIDAL OR EPICYCLOIDAL. 


INVOLUTE. 


Pratt & Whitney. 


Brown & Sharp . 


Number 
of 


No. of 


Number of 


No. of Teeth 


Number of 


No. of Teeth 


Teeth 


Cutter. 


in Gear. { 


Cutter. 


in Gear. 


Cutter. 


in Gear. 


1 


12 1 


A 


12 


1 


135 to rack 


2 


13 


B 


13 


2 


55-134 


3 


14 


C 


14 


3 


35-54 


4 


15 


D 


15 


4 


26-34 


5 


16 


E 


16 


5 


21-25 


6 


17 


F 


17 


6 


17-20 


7 


18 


G 


18 


7 


14-16 


8 


19 


U 


19 


8 


12-13 


9 
10 


20 
21-22 


I 
J 


20 
21-22 










11 


23-24 


K 


23-24 






12 


25-26 


L 


25-26 






13 


27-29 


M 


27-29 






14 


30-33 


N 


30-33 






16 


34-37 


O 


34-37 






16 


38-42 


P 


38-42 






17 


43-49 


Q 


43^9 






18 


50-59 


R 


50-59 






19 


60 75 


S 


60-74 






20 


76-99 


T 


75-99 






21 


100-149 


U 


100-149 






22 


150-299 


V 


150-249 






23 


300 and over 


W 


250 and over 






24 


Rack 1 


X 


Rack 


1 





Referring to the table, if it is required to cut 
a gear having 25 teeth of the cycloidal form, 
we would require a No. 12 Pratt & Whitney 
cutter, or a No. L Brown & Sharpe cutter. If 
the teeth were of the involute form, a No. 5 
involute cutter would be required. 

The standard pitches for which involute 
cutters are furnished are as follows: IJ, IJ, 
If, 2, 2J, 2i 2i, 3, 3J, 3i 3i 4, ^, 5, 6i, 6, 
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 18, 20, 22, 24, 
26, 28, 30, 32, 36, 38, 40, 44, 48, 60, 56, 60, 64, 
70, 80 and 120. 
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Cycloidal cutters are furnished by the Pratt 
& Whitney Co. for the following pitches: IJ, 
2, 2i, 3, 3i, 4, 6, 6, 7, 8, 9, 10. And the Brown 
& Sharpe Co., for the following pitches: 2, 
2i, 2J, 2i 3, 3i, 4, 5, 6, 7, 8, 9, 10, 12, 14, 16. 

It wiU be seen from the foregoing that to 
properly cut all sized gears for all the different 
pitches for which cutters are furnished would 
require a total of 368 cutters for the involute 
sytem, and 384 for the cycloidal system. 

As the gear cutting that the railway machinist 
will be called upon to do will generally consist 
of making new gears to replace broken ones, 
the following problem will make the appUcation 
of the foregoing formulas clear. 

It is required to make a gear to replace a 
broken one which has 14 teeth of the involute 
form, and which measures, as near as can be 
determined, 4J inches, outside diameter. It is 
required to find the actual outside diameter, 
the diametral pitch, and the number of cutter 
required. We will also need to know the whole 
depth of the tooth. If the correct cutter is not 
at hand, it will be necessary to make one, and 
therefore the shape of the tooth will have to 
be laid out and a template made for shaping 
the tool. 

First determine the diametral pitch by for- 
mula 1. 

14 -h 2 
Pitch = ^. = 3.76; say 3f. 

In applying this formula, it will often be 
foimd, as in this case, that the result obtained 
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will not agree with any standard pitch. The 
result above, 3.76, is so near 3|, that it is evi- 
dent that the pitch of the gear in question is 3|, 
and that the error is either in not determining 
accurately the exact outside dianieter of the 
old gear, or it was originally not turned to the 
correct diameter. Possibly the tops of the 
teeth may have been worn off more or less. 
If there is a considerable difference between 
the calculated pitch and the nearest standard 
pitch, it will indicate that the gear is not based 
on the diametral pitch, or that an uncommon 
pitch was used. This will be more Ukely to be 
the case with cast gears, as all cut gears are 
based on diametral pitches. 

To check the above calculation, and also to 
find the actual outside diameter of the gear 
blank, use formula No. 3. 

Outside diameter = ^4^^ = 4.266''. 

3| 

As the gear has 14 teeth, we would want a 
No. 7 cutter. The whole depth of the tooth, 
or the depth the cutter must enter the blank, 
will be found by formula No. 11. 

2 167 
Whole depth of tooth = -gi — = .575''. 

In case a suitable cutter is at hand we now 
have all the necessary data to enable the gear 
to be cut. If no cutter is at hand it will be 
necessary to make one, either a formed planer 
or slotter tool, or a cutter for the milUng ma- 
chine. In order to get the correct shape of the 
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tooth the following construction, taken from 
Grant's Treatise on Gear Wheels, will be neces- 
sary: 

In the involute systfem the curved portion of 
the tooth outUne is laid out from the circum- 
ference of a circle called the base circle. The 
radius of this circle is less than that of the pitch 
circle by an amount which is generally found 
by multiplying the diameter of the pitch circle 
by a constant factor. This factor varies with 
different makers, but will be about 1-60 of the 
diameter of the pitch circle. For all gears 
having less than 37 teeth, the curved portions 
of the tooth outline on each side of the pitch 
circle are drawn with different radii, the centers 
of the arcs being located on the base circle. 
The lengths of these radii are obtained from 
the following table, bearing the heading 'In- 
volute Odontography': 



INVOLUTE ODONTOGRAPH. 





Divide by the Diametral Pitch. 


Multiply by the Circular Pitch. 


Teeth. 






Face Radius. 


Flank Radius. 


Face Radius. 


Flank Radius. 


10 


2.28 


.69 


.73 


.22 


11 


2.40 


83 


76 


.27 


12 


2.51 


96 


80 


.31 


13 


2.62 


1.09 


83 


.34 


14 


2.72 


1 22 


.87 


.39 


16 


2.82 


1 34 


.90 


.43 


16 


2.92 


1.46 


.93 


.47 


17 


3.02 


1.68 


.96 


.50 


18 


3.12 


1 69 


.99 


.54 


19 


3.22 


1.79 


1 03 


.57 


20 


3.32 


1.89 


1 06 


.60 


21 


3.41 


1.98 


1.09 


.63 


22 


3.49 


2.06 


1.11 


.66 


23 


3.67 


2 15 


1.13 


.69 


24 


3.64 


2.24 


1 16 


.71 


25 


3.71 


2.33 


1.18 


.74 


26 


3.78 


2.42 


1.20 


.77 


27 


3.85 


2.50 


1.23 


.80 


28 


3.92 


2.59 


1.25 


.82 


29 


3.99 


2.67 


1.27 


.85 


SO 


4.06 


2.76 


1.29 


.88 
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Divide by the Diametral Pitch Multiply by the arcuiar Pitch. 


Teeth. 






Face Radius. 


Flank Radius. 


Face Radius. 


Flank Radiua. 


31 


4.13 


2 86 


1.31 


.01 


32 


4.20 


2.93 


1.34 


.03 


33 


4.27 


3.01 


1.36 


.96 


34 


4.33 


3.09 


1.38 


.99 


35 


4.39 


3.16 


1.39 


1.01 


36 


4.46 


3.23 


1.41 


1.03 


37-40 


4.20 


1.34 


41-46 


4.63 


1 48 


46-51 


6.06 


1.61 


62-60 


6.74 


1.83 


61-70 


6.52 


2 07 


71-90 


7.72 


2 46 


91-120 


9 78 


3 11 


121-180 


13 38 


4.26 


181-360 


21.62 


6.88 



There are two sets of numbers, one to be used 
when the calculations are based on diametral 
pitch, the other for use with circular pitch. 




Fig. 5 



The following example will make the appUca- 
tion of the table clear : 

It is required to lay out the tooth outUne for 
a pinion having 16 teeth, 2 diametral pitch. 

In order to make the required construction 
it will be necessary to know the following dimen- 
sions: diameter of the pitch circle; diameter 
of the addendum circle, or outside diameter; 
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diameter of the root circle; diameter of the 
base circle and the thickness of the tooth. 

■r.- r x u • 1 No. of teeth 16 ^„ 

Dia. of pitch circle = — =r; — \ = ~:r = 8''. 

^ Pitch 2 

Outside diameter = — '-^z- — = ■:r = 9^^- 

Pitch 2 

Root diameter = Outside diameter'— whole 

depth of tooth x 2 = 9 - 7^ = 6.843". 
Diameter of base circle = Pitch diameter x 

^ . 8^ . 7.733'. 
60 60 

First draw the pitch, addendum, root and 
base circles, as shown in Fig. 4. Then space 
the pitch circle into the required number of 
divisions, in this case 16. Bisect these divisions, 
thus locating the pitch points a, 6, c, d, etc. 

From the table take the face radius corre- 
sponding to the number of teeth in the gear, 
and divide it by the pitch. In this case we 
would have ^--^^ = 1.46". Set the dividers 
to this distance and from the points A, 5, C, D, 
etc., draw in the face curves from the pitch line 
to the addendum. In the same manner get 
the flank radius, which in this case would be 
^-^^ « .73", and with the dividers set to this 
distance, from the points E, G, H, /, etc., on 
the base circle, draw in the flank curves from 
the pitch Une to the base circle. The balance 
of the tooth outUne is formed by drawing 
straight radial Unes from the base fine to the 
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root line, joining these lines by a filet having 
a radius equal to the clearance. 

The template used in forming the tool is 
made the same shape as the space between the 
teeth. If care is used in the laying out a 
satisfactory gear will be produced. 

If the teeth are to be of the cycloidal form, 
they will be laid out in the following manner, 
using the table headed ''Cycloidal Odonto- 
graphy' : 



CYCLOID.\L ODONTOGRAPH. 







For One 




For One Inch 






Diametral Pitch. 


Circular Pitch. 


NUM 


BER OF 
BJQTH 


For an 




divide 


For 8 




multi- 


T] 


ly other pitch 


my other pilch 


IN TH 


E Gear. 


by that pitch. 




ply by that pitch. 




Faces. 


Flanks. 


Faces. 


Flanks. 


Exact. 


Intervals. 


Rad. 


Dis. 


Rad. 


Dis. 


Rad. 


Dis. 


Rad. 


Dis. 


10 


10 


1.99 


.02 


- 8.00 


4.00 


.62 


.01 


-2.55 


1.27 


11 


11 


2.00 


.04 


-11.05 


6.60 


.63 


.01 


-3.34 


2.07 


12 


12 


2.01 
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This form of tooth is laid out by arcs struck 
from two circles, one lying outside the addendum 
circle called the line of flank centers, the other 
lying inside the pitch circle called the line of 
face centers. See Fig. 5. The addendum, 
pitch and root circles are laid out as in the 
previous case, and the pitch points of the teeth 
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located. Then the Une of flank centers is drawn 
at the tabular distance from the pitch line, in 
this case ^ = 1.73''. Set the dividers to 
the flank radius, in this case ^® = S.OS'^, and 
from the centers gf, A, i, etc., on the line of flank 
centers, draw the flank curves from the pitch 
line to the root line, joining the flank to the root 
with a fillet as in the previous case. The line 
of face centers is drawn inside the pitch line at 
the tabular distance, in this case '■\^ = .045''. 




Fig. 6 

Set the dividers to the face radius, in this case 
*^ = l.OS'', and draw in the face curves from 
the pitch line to the addendiun line, from centers 
a, 6, c, etc., on the line of face centers. 

The involute rack tooth is laid out as shown 
in Fig. 6. The sides or flanks of the tooth are 
drawn as straight lines, inclined to a line per- 
pendicular to uie rack face at an angle of 15^. 
The outer half of the tooth face from a to 6 
is drawn from a center on the pitch line with a 
radius equal to ^^, or .67 x circular pitch. 

Before the machinist can do much toward 
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making bevel gear calculations it will be neces- 
sary for him to understand the application of 
the following trigonometric functions: sine, co- 
sine, tangent and cotangent. These functions 
are all based on the proposition that in all 
right-angled triangleSy having the same acute 
angle J the sides have to each other the same rcUioSf 
arid are proportional to the radii of the arcs en- 
closing the angles. Fig. 7 shows an arc c, e, /, 
drawn from the center a. The angle included 




3"^" 



Fig. 7 



between lines a, / and a, c is 90°. line a, e, d 
divides the 90° angle into two angles A and B. 
The line a, 6 is the cosine of angle A, and the 
sine of angle B. Line 6, e is the sine of angle 

A, and the cosine of angle B. Line c, d is the 
tangent of angle A, and the cotangent of angle 

B. A table of natural trigonometric functions 
contains the values of these lines for all angles 
from 0° to 90°, figured for a radius of the arc 
enclosing the angle equal to 1. If the radius 
is 2, the values of the functions would be 
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doubled, and so on. Hence, when the sine, 
cosine, tangent or cotangent is given for an 
angle in a circle whose radius is greater or less 
than 1, its value must be found for a circle 
whose radius is 1, before the tables can be used. 



Fig. 8 



In the majority of the tables published the 
angles run from 0° to 45° at the heads of the 
columns and are read downward, while angles 
from 45° to 90° are read from the bottom up- 
ward, using the extreme right hand column 
to find the minutes. 
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In bevel gears the relations between the pitch 
diameters^ pitch, numbers of teeth, and velocity 
ratios are the same as for spur gears, remember- 
ing that the diameter of a bevel gear is the 
diameter D of the base of the pitch cone. Fig. 8. 
Referring to Fig. 8, let 
P = diametral pitch 
D = pitch diameter 
O = outside diameter 
N = number of teeth 
n = number of teeth in mating gear 
A = length of tooth measured on the 

face of the gear 
B = length of tooth measured par- 
allel to center line of gear 
C = apex distance 

E = apex distance less length of tooth A. 
a = center angle 
b = face angle 
c = Cutting angle 
d = complement of face angle 
e = edge angle = center angle 
f and g = increment angles 

i = addendum at large end of tooth 

= addendimti at small end of tooth 

k = whole depth of tooth at large end 

1 = whole depth of tooth at small end 
m = chordal thickness of tooth at large 

end 
n = chordal thickness of tooth at small 
end 
then the following formulas will apply. 
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m. N + cosa, D 

12. P 0— •"•P- 

\ 

13. D-^. 

^ „ 2 X cos a 

14. = D + — - — . 

15. N=DxP. 

16. B = A X cos b. 

17. C= "" 



2xPxsm a' 

18. E - C— A. 

19. Tana = — . 

^r. r^ f 2xsina 

20. Tan f r; — . 

21. b = a + f. 

22. c = a— f . 

23. d - 90*— b. 

24. e = a. 

25. i=-|:. 

27. k=4+ ' 



P 8xP* 

28. 1 = 2x0+-^. 

OX 

29. m = sin-TT- X D. 
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Exm 

30. n-— T^. 

31. Number of teeth for which to select 

N 

cutter = . 

cos a 

In order for the machinist to intelligently 
cut bevel gears it will be necessary for him to 
know the pitch; number of teeth; the outside 
diameter of the blank ; the correct face, edge and 
cutting angles; the depth of the tooth at each 
end ; the thickness of the tooth at the pitch line 
at each end; the height of the addendum at 
each end, and how to select a cutter of correct 
form and thickness. 

For an example we will assmne that it is 
required to replace one of a pair of bevel gears. 
The outside diameter of the broken gear meas- 
ures, as near as can be determined, 5 J inches, and 
has 16 teeth, 2 inches long. The mating gear 
has 20 teeth. 

Using formula 19, the center angle will first be 

determined. 

N 
Tan a = — = H = 0.8, which is the tangent 

of the angle of 38^ 40'. 

^ ^ t .^1 it^Nh- cos a 
By formula 12, the pitch P = q = 

16 + .78079 ^ ^ ^ ,, ^ 
k^ctS — = 2.8, hence we may assume that 

the diametral pitch is 3. 
By formula 13, D = p^ = Y = 5.333'^. 
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2 cos d< 
By formula 14, O = D + — p — = 5.333 + 

Ti t 1 on rr r 2sina 2 X .62479 
By formula 20, Tan f = ""iia" = ts = 

.07809, which is the tangent of the angle 
of 4^ 28'. 

By formulas 21 and 22, the face angle b = a + 
f = 38« 40'+4*> 28' = 43*> 8', and the cutting 
angle c = a- f = 38° 40'- 4"^ 28'= 34° 12'. 

By formula 16, B=A cos b = 2 x. 72976 = 
1.46". 

By formula 23, d - 90°- b = 90°- 43° 8'- 
46° 52'. 

By formula 24, e = a = 38° 40'. 

90° 90° 
By formula 29, m = sin -^ x D.-jg- = 5° 37', 

and sin 5° 37' = . 10077 ; . 10077 x 5.33 = .522". 

By formula 17, C = gp—^ = 2 x 3 x .62479 
= 4 268". 
By formula 18, E = C- A = 4.268- 2 =2.268". 

By fonnula 27, k = 2/ P + iP = J + Vt = W- 
By formula 25, i = 1/P = J". 

E 

By formula 26, o = p-g = 2.268/3 X 4.268 - 

.177". 

By formula 28, 1 = 20 + 1/8P - .354 + 1/24 - 
.396". 

By formula 30, n - Em/ C = 2.268 x .522 / 4.268 

-277". 



By formula 31, the number of teeth for which 
to select the cutter = N/cos a = 16/. 78079 = 20. 

Fig. 9 shows a gear laid out from the fore- 
going calculated dimensions, and is an example 
of the drawing that would be furnished. 

In turning the blank the first operation would, 
of course, be to bore the hole, after which the 



R^ 



gear would be mounted on an arbor and the 
blank turned to the outside diameter. Then 
the face angle would be turned by setting the 
compound rest to the correct angle, in this case 
46** 52'. Next, the back angle, or edge angle, is 
turned, setting the compound rest, in this case 



i, 

r 
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to 38^ 40^ removing sufficient stock to bring 
the surface up to an edge with the face of the 
gear. At this setting of the rest, the inner ends 
of the teeth are finished, making the length of 
the tooth correct. The blank should be care- 
fully checked over with a reliable protractor, 
and if correct it is ready to have the teeth cut. 

As the teeth of bevel gears are tapered, being 
thicker at the outside end than at the inside 
end, it follows that the width of the spaces 
between the teeth is also tapered, so that a 
cutter wide enough to cut a correct space at 
the back of the teeth would cut too wide a space 
at the inside end. For this reason the ordinary 
cutters made for cutting spur gears should never 
be used for cutting bevel gears. Special cutters 
of the involute form are made for this purpose, 
being thinner than the standard spur gear 
cutters. These cutters are numbered from 1 to 
8, and cover the same range of teeth as the 
standard cutters. For the same reason the 
bevel gear cutter cannot be selected for the 
number of teeth in the gear, but must be se- 
lected for the number of teeth given by formula 
31. When a drawing of the gear is at hand 
the number of teeth for which to select the 
cutter may be determined as follows (see Fig. 9). 

Measure the slant height of the back cone 
from E to F, double this and multiply by the 
diametral pitch. The result will be the number 
of teeth for .which to select the cutter. In 
the gear given, the slant height measures Bf'^. 
3| X 2 X 3 == 22J,hence aNo. 5 cutter would be used. 
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After selecting the cutter it is placed on its 
arbor, and the gear blank is placed in the ma- 
chine. Before placing the blank in pcMsition 
the index head should be swiveled to the cut- 
ting angle, measured from the center line of 
the gear, in this case 34° 12'. The cutter and 
index center should be brought into aUgnment 
by setting the index center in line with the 
center line scribed on the tops of the cutter 
teeth. After setting the index head to divide 
for the required nimiber of teeth, all is in 
readiness to make the trial cuts. 

First, scribe a line on the back edge of the 
blank showing the depth of the teeth at this 
point. This may be done by using a "depth of 
gear tooth gauge'' of the correct pitch (Fig. 10), 
or by using hermaphrodite calipers set to the 
calculated depth, as per formula 27. 

Three or four spaces should be cut to the 
depth marked on the blank. The teeth cut will 
be too thick, especially at the large end. In 
order to cut them to the correct thickness the 
cutter must be set ''off center" by moving the 
saddle toward the machine, measuring the 
amount of the set over by the dial on the cross 
feed screw. The exact amount of this ofifset can- 
not be determined exactly, but for the first trial 
it should be equal to about ^V the thickness of 
the tooth at the large end. In this case the 
thickness of the tooth at the large end is .522 
inch, and ^V of this = .052 inch, hence the saddle 
would be moved .052 inch. It should be 
clamped firmly in this position. The gear blank 
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should now be rolled toward the cutter by 
means of the index handle, until the cutter will 
just enter the space at the inner end of the 
teeth. In doing tnis the adjustable sector should 
not be disturbed, but should be left in position 
to mark the hole which is correct for the center 
position of the blank. 

The cutter will now trim the sides of the teeth, 
taking the heaviest cut at the large end of the 
teeth. Be siue the cutter trims the whole 
length of the tooth. The saddle should now be 
set off center in the opposite direction an 
amount equal to that in the first case, and the 




Fig. 10 

blank rolled toward the cutter the same number 
of holes the other side of the center hole, and 
the opposite sides of the teeth trimmed. The 
thickness of the teeth should be measured with 
a gear tooth caliper shown in Fig. 11. This 
caliper is for the purpose of accurately measur- 
ing the thickness of the tooth on the pitch line. 
The sliding jaw a moves upon the graduated 
bar 6, and by means of a vernier gives readings 
to thousandths of an inch. The tongue c moves 
at right angles with the jaws and is graduated 
in the same manner. The tongue c is set to the 
height of the addendum and the points of the 
jaws will come exactly on the pitch line. In 
cases where the pitch is coarse and the diameter 



of the gear small, if the tongue c is set to the 
calculated height of the addendum, the points 
of the caUper jaws will not come exactly on the 

Eitch line, owing to the curvature of the pitch 
ne. In such cases it will be necessar\' to make 
a correction for the height c of the arc a above 



the chord b, shown in Fig. 12. To find this 
height c, divide 90° by the number of teeth, ascer- 
tain the cosine of the quotieni, subtract it from 
1.0000, and multiply the remainder by the fitch 
radius, or one-Half the pitch diameter. This 
amount added to the addendum is the correct 
height 0, for which the tongue c must be set. 
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If the large end of the tooth is still too thick, 
it indicates that the cross slide was not off set 
enough from the center position, in which case 
another trial cut must be taken on each side of 
the tooth with a somewhat greater off set of the 
saddle. These operations should be continued 
until the teeth are the correct thickness at the 
large end. If the teeth are too thick at the small 
end it indicates that the blank was not rolled 
sufficiently toward the cutter, in which case the 
off set of the saddle should be less and the blank 




Fig. 12 

rolled more, until the setting is such that both 
ends of the teeth will be cut the correct thick- 
ness. 

Having thus determined the amount of the 
off set and the angle through which to roll the 
blank, the remaining teeth may be cut. If the 
pitch is fine this may be done by taking two cuts 
through each space, first taking a cut on one 
side of all the teeth, then adjusting the machine 
and blank and cutting the other sides. If the 
pitch is coarse, three cuts should be taken, a 
center cut first and then the two trimming cuts. 
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. On gears having less than 30 teeth it will 
generally be found necessary to file the sides of 
the teeth above the pitch line at the small end, 
as the cutter will not round them off sufficiently. 
The teeth may be rounded off at the small end 
by slightly increasing the cutting angle, thus 
cutting the teeth a little deeper at the snaall 
end, but care must be exercisea or the teeth will 
be cut too thin at the small end. 

In making the cross slide and index center 
adjustments, the final movements should al- 
ways be made in the same direction to avoid 
errors from any looseness in the parts. Thus, if 
the first off set was made by moving the cross 
slide toward the machine, when the off set is 
made in the opposite direction the cross slide 
should be moved enough further than the 
required amount so that the final movement will 
be toward the machine, as in the first instance. 



CHAPTER XXIV. 

ERECTING SHOP WORK — LAYING OUT BOILER 

WORK. 

The locomotive boiler is made up of a number 
of sheets which are generally quite irregular in 
shape. These sheets have various holes in 
them for rivets, brace connections, boiler fit- 
tings, etc., and the location of these holes, as 
well as the shape of the sheets, must be laid 
out on the plate while it is flat. The boiler 
drawings generally show the sheets in position, 
and from these drawings the boiler maker must 
lay out his work. In some shops the develop- 
ment of the sheets is done in the drawing room 
and cards furnished which show the shape of 
the sheets and the correct location of all holes. 

The operation by which the surface of an 
object is laid out is called the development of 
the surface, and is governed by the principles 
of projection. This class of work may best 
be illustrated by starting with some simple 
problems and gradually working up to the more 
difficult ones connected with boiler work. 

The first problem will be the development 
of the surface of the cylinder shown in Fig. 1. 
Divide the circumference of the cylinder into 
any convenient number of equal parts, in this 
case twelve, and from the points of division 
draw lines 1-1, 2-2, 3-3, 4-4, etc., on the surface 

635 
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of the cylinder, parallel to the cylinder axis. 
Now, if the cylinder be cut along any one of 
these Unes and be rolled out into a flat plate, 




a ^js fr ^i? ^ s T e 



3 J^ 



^je yy ^o ^ s 7^ € ^ 
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the surface will be equal in length to the cir- 
cumference of the cylinder, and will be as wide 
as the cylinder is long. It will contain all of 
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the parallel lines which were drawn upon the 
cylinder, the spaces between them being equal 
to the length of the equal spaces into which 
the circumference was divided (see the lower 
portion of Fig. 1). From this it will be readily 
seen that if the location of any hole or part 
with reference to the parallel lines is known, it 
may be easily laid down on the flat plate.* 

In Fig. 2 is shown a cyUnder 10 inches in 
diameter and 12 inches long. At the right 




Fig. 2 



hand end and on the left hand side is a hole A, 
3 inches from the end and 2^ inches above the 
horizontal center line measured on the circum- 
ference. Near the left hand end and on the 
side away from the observer are located three 
holes By By By 1^ inches apart in a horizontal 
direction, and 2 inches apart measured on the 

* The development of any true cylinder is a surface having a 
length equal to the circumference of the cylinder and a width equal 
to uie length of the cylinder. 
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circumference. The first, or lower hole, is 2 
inches from the end of the cylinder. 

The plate required for this will be 12 inches 
wide (the length of the cyhnder) and 31.41 
inches long (the circumference of a 10-inch 
circle). Lay off this plate as shown in Fig. 3, 
by dividing it into four equal spaces and drawing 
the Unes (%i, ef and gh^ parallel with the edges 
ab, a%' of the plate. As the work should be 
laid out on the outside of the plate, the hne (w/ 




Fig, 3 

will be the right hand end, and the line W will 
be the left hand end of Fig. 2. As we stand 
facing the cylinder, the hole A lies in the upper 
left hand quarter of the plate, as the joint is 
shown to be on top, and is 3 inches from the 
right hand end. It will therefore be laid off 
from the ^'quarter line" y^, as shown at -4, 
Fig. 3. The three holes B, B, B will be laid 
off from the "quarter line" cd in the manner 
shown 
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Fig. 4(a) shows a cylinder having one end 
straight, or at right angles to the axis, the 
other end being cut off at an angle. To develop 
this sheet, divide the circumference of the 




V 
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Fig. 4 



4/ 



cylinder into any convenient number of equal 
parts, in this case twelve, and from the points 
of division draw lines parallel to the axis of 
the cylinder, as ofe, cd, e/, gh^ ij, kl, mn, etc. If 
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the joint is assumed to be on top, the shapie of 
the sheet will be as shown in Fig. 4(6), and will 
be determined as follows: Draw the line aa^ 
having a length equal to the circimiference of 
the cylinder, in this case 18.84 inches. Divide 
this fine into the same number of equaJ parts 
as was the circumference, and from the points 
of division erect perpendicular lines a6, erf, e/, 
etc., of indefinite length. The lengths of the 
lines ab and a'6' will be equal to the length 
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of Une a6, Fig. 4(a) ; the length of lines cd and 
c'd! will be equal to the length of line cd, Fig. 
4(a) ; the length of lines 6/ and e']' will be equal 
to the length of line e/, Fig. 4(a), and so on. A 
curve drawn through points 6, d, /, h, j, Z, n, 
Z', y, fe', f^j d' and V will give the shape of this 
edge of the sheet, and a, 6, n, 6', a' will be the 
shape and size of the required sheet. 
The right angled elbow shown in Fig. 5(a) is 



BOILER WORK. 641 

formed by the intersection of two equal cylin- 
ders, their axis making an angle of 90°.* 

To develop the sheet fonning one-half of 
this elbow, proceed as follows: Divide the 
circmnference of the cylinder into any con- 
venient number of equal parts, and from the 
points of division draw lines parallel to the axis 
of the cylinder until they intersect the line of 
intersection at a, 6, c, d, e, / and g. The shape 
of the sheet is then laid out as shown in Fig. 5(6), 
either as has just been described with reference 
to Fig. 4, or by projecting the points of inter- 
section a, 6, c, etc., as shown by the broken 
lines. 

Fig. 5(a) shows two cylinders of. different 
diameters intersecting at right angles. A com- 
mon example of this is seen in the case of a 
boiler having a dome. In such cases the line 
of intersection becomes a ciu-ved one and must 
be determined before the sheets can be de- 
veloped. Draw the lines ^4, fi, C, D, E, m, F, n, 
outlining the required Tee. Draw a semicircle 
the size of the smaller cyUnder from E to F; 
also, extend the lines DC and AC, 2^ shown at 
M and g, and describe a quadrant from C as a 
center, with the same radius as the semicircle 
is struck by. Divide the semicircle into any 
convenient number of equal parts, in this case 
six, as gf, h, I, kj n and F. Divide the quadrant 
into half the number of equal parts, as was the 

* In this connection it may be said that the line of intersection 
a^y of two equal cylinders, no matter what the angle of intersec- 
tion may be, will always be a straight line. 
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semicircle, in this case three, as o, p, q; also, 
strike a semicircle from C to D, the size of the 
larger cylinder, and draw perpendiculars from 
o, p and q to cut the curve of the large cylinder 
at r, s and U Draw lines from r, s and < parallel 
to CAj and draw perpendiculars from points 
y, /i, i. A;, n to intersect the horizontal lines 
r, s, < at ii, Vy Wj x, y. These points of inter- 
section will show the course of the curve of 
intersection. Draw the line FF, Fig. 6(6), 
making the length equal to the circumference 
of the small cylinder. Divide this line into 
twice as many equal parts as was the semicircle 
EiF, and from the points of division draw 
perpendicular lines. Take the lengths in Fig. 
6(a), from Fn, ey, dx, cw, hv, auj Em, and 
transfer the same to the corresponding lines in 
Fig. 6(6), and draw a curve through these 
points n, y, x, w, etc., which )jdll give the shape 
of the sheet necessary to form the smaller 
cylinder.* 

To obtain the shape of the hole corresponding 
to the smaller cylinder, proceed as in Fig. 6(c). 
Draw the line Ab and bisect it at C with the 
Une DCD. Take the distances from C to r, 
C to s and C to <, Fig. 6(a), and lay them off 
each side of C, Fig. 6(c), as shown at r, s and t, 
and through these points draw the lines hh, gg, 
etc., parallel with DD. Take the distance 
from c to i. Fig. 6(a), and mark off a correspond- 
ing distance on each side of C, as i, t. Fig. 6(c); 

* The actual shape of the sheet will depend on where the joint 
is assumed to be located. 
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also, the lengths bh and ay, Fig. 6(a), and 
transfer the same to Fig. 6(c), on each side of 
r to A, hy and each side of s to gf, g; a curve 
drawn through these points will give the re- 
quired shape of the hole. 

Fig. 7(a) shows two cylinders intersecting 
at an oblique angle, or slanting direction. To 
detennine the curve of intersection and the 
development of the sheets, proceed as follows: 

Draw DACE to represent the larger cylinder, 
and HFIG the smaller one, connecting at any 
angle. Draw line GF at right angles to HF, 
and describe the semicircle from F to G, and 
divide it into any convenient number of equal 
parts, in this case six, as 1, 2, 3, etc. Draw 
lines through these points at right angles to 
FG. On line AC describe the semicircle ABC, 
representing the size of the larger cyUnder, and 
extend the line AC to a, where it intersects 
line FG, extended. From a draw line aM 
parallel with AD, and from a draw line ab 
parallel with FH. Project points 3, 4 and 5 to 
line ab, as shown by drawing lines 5/, 4e and od 
parallel with FG. With the dividers, from a 
as a center, project points d, e and / to line aM, 
as shown at d}, & and f. From points rf*, e\ /* 
draw perpendicular lines cutting the circle of 
the larger cylinder at g, h and i, and from these 
points draw lines parallel with AD. Where 
these Unes intersect the lines drawn through 
the smaller cyUnder, as at r, s, t, u, v, will be 
the points through which the curve of inter- 
section will be drawn. The shape of the sheet 
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forming the smaller cylinder is now determined 
in the same manner as was described with 
reference to Fig. 6(6), the lengths of lines GI, 
gVf pUf oty ns^ mvy FH, etc., Fig. 7(6), being the 
same as the lengths of the corresponding 
lettered lines in Fig. 7(a). 

To obtain the shape of the hole in the larger 
cyUnder draw DB and HI^ Fig. 7(c), at right 
angles. Take the distance from A to g, A to h 
and Atoiy Fig. 7(a), and mark off Uke distances 
on each side of A on the line DBy as g, h and i,, 
Fig. 7(c), and through these points draw lines 
parallel to HI. Draw a perpendicular from 
point i^L to JB, Fig. 7(a), and carry the length of 
KH and KI, Fig. 7(a), from A to /f and A to /, 
Fig. 7(c); also, the distances xr and xv, Fig. 
7(a), from g to r and a to v, Fig. 7(c); also, 
the distances y to s, and y to w, Fig. 7(a), from 
hto 8, and htou. Fig. 7(c). Take the distance 
from the Une KR to t, Fig. 7(a), and mark ofiF 
the same from line i to f, (Fig. 7(c), and the 
curve drawn through the points H, r, s, i, u, v, 
/, etc., will give the shape of the required hole. 

Fig. 8 shows an angular elbow, the de- 
velopment of which is as follows: Draw 
ACEGHFDB according to the size of the pipe 
and the required angle. ^ Draw the Unes of 
intersection CD and EF from the points of the 
angles, showing where the joints are required. 
Extend the line AB indefinitely. Draw the semi- 
circle the size of the cylinder, divide it into any 
convenient number of parts, as i , J?, <?, -4? 5? 5, and 
take a corresponding number of parts from B to ' 
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Ay and from A to fi, as in, o, p, g, r, etc. Draw the 
perpendiculars BDj mn, ol, pi^ qhj rgf, AC, etc. 
Through the points 1^ 2/3, etc., on the semi- 
circle, draw the perpendiculars rg, qh^ pi, etc. 
Either take the lengths of the hnes, as AC, ry. 




qh, etc., and mark off the same lengths from 
A to C, r to gr, q to h, etc., or draw lines parallel 
to AB from the points of intersection C, g, h, i, 
Z, n and D to intersect the perpendiculars at 
C, gf, h, iy Z, n, D, and draw a curve through the 
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points thus found. This will give the shape 
of the sheet for the lower part of the elbow. 
The curve of the lower edge of the center por- 
tion will be the same, and the lengths of the 
Unes CE, gy, hx, iw, Ir^ nu, DF in each figure 
will be equal. The shape of the upper portion 




Fig. 10 



of the elbow is that part of the center piece 
shown below the heavy dotted line HGH. 

Fig. 9 shows the method of developing a 
sheet to form a cone. ABC is an elevation of 
the required cone. From the apex A, with AB 
as a radius, strike a curve BD of indefinite 
extent. From B lay oflf on the curve a distance 
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BD equal to the circumference of the base of 
the cone. Join D and A with a straight line 
and the figure ABD is the shape of the required 
sheet. 

Fig. 10(a) shows a fustrum of a cone, a com- 
mon example of which is seen in the hood for 
the stack connection on vertical boilers. To 
develop this sheet proceed as follows : (see Fig. 
10(6). Draw the Une AC, and take the upright 
depth required as a, and lay this off from d to /, 
and draw the lines de and fg at right angles 
with AC. On line de lay off the distance e equal 
to one-half of the large diameter c, and on line 
fg lay off the distance g, equal to one-half the 
small diameter 6. Through points e and g 
draw a line cutting line AC in C. With C as a 
center, and with a radius Ce, strike a curve ehi 
of indefinite extent, ' and also from C as a center 
with Cg^ as a radius strike the curve gkl. From 
€ make the curve ehi equal in length to the 
circumference of the large end of the cone, and 
join i and C with a straight line. If the work 
has been accurately done the curve gkl will 
equal in length the circumference of the small 
end of the cone. The figure gehilk will be the 
shape of the required sheet. 

Fig. 11 shows a cone cut by a plane which is 
not parallel with the base, and also shows the 
development of the resulting surface. Let ACB 
be the elevation of the cone cut by the plane 
ab. From the center D on the base line strike 
a semicircle, as shown, and divide it into any 
convenient number of equal parts, in this case 



BOILER WORK. 



65L 




652 SlfOF.S. 

six. From the points of division ly 2j 3, 4, o. 
draw perpendicular lines to the base, thus pro- 
jecting these points to the base line at i\ 2^, 3^, 
etc. Join these points with the apex A, of the 
cone, by the lines A 1\ A 2\ A 3\ etc., cutting 
the plane a b, in c, d, e, f and gr. From A 
as a center, with A B, or A C as a radius, draw 
the arc of a circle C C\ making the length of 
this arc equal in length to the circumference 
of the base of the cone. Divide this arc into 
twice as many equal parts as was the semicircle, 
and from the points of division 5", y, 3", 2"^ 1^, 
etc., draw lines to the apex A, as shown. From 
the points a, c, d, e, /, g^ and b draw lines par- 
allel to the base, cutting the line A C, in h, i, /, 
ky I and m. With A as a center, and /i as a 
radius, strike an arc, as shown, cutting the 
lines 5" A at g^ ; with A as a center, and radius 
A I, strike an arc cutting lines ^^ A at /*; with 
A as a center, and radius A j, strike an arc 
cutting lines 5'' A, at £?^, and so on. A curve 
drawn through these points will complete the 
development. The reason for projecting the 
points c, d, e, f and g to the line A C is that it 
would be entirely wrong to take the measure- 
ments from the lines P A, 2^ A, 3^ A, etc., be- 
cause these lines, being on the surface of the 
cone, are inclined towards the observer, and so 
do not appear in their true length. Thus, the 
line A e, if measured on the surface of the cone, 
would evidently be the same length as the line 
A y, but in the figure it is much shorter. The 
line A C appears in the figure in its true length, 
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hence the points in the plane a b are projected 
to line A C, as shown, in order to get their true 
length. 

As stated at the beginning of this chapter, 
the locomotive boiler is made up of a variety 
of sheets, some of which are regular in shape, 
while others are quite irregular. Taking the 
boiler shown in Figs. 12 and 13 for an example, 
it will be seen that the sheet forming the smoke 
box is a true cylinder and will be made of a 
rectangular sheet having a length equal to the 
neutral circumference, and a width equal to 
the length of the smoke box, plus the material 
necessary for the lap of the joint joining the 
boiler proper to the smoke box. 

In this boiler the first course is also a true 
cylinder; the second course is the connection, 
or gusset course, and is an irregular shaped 
sheet; the third, or dome course, is also a true 
cylinder and the sheet would be a rectangle 
if it were not cut out along one edge where the 
throat sheet is connected to it. 

In this boiler the outside fire box sheet is 
irregular in shape, due to the fact that the 
sides are tapered, and the two ends are formed 
with different radii. The back head is an 
irregular shaped sheet, as is also the throat 
sheet. The front flue sheet will be circular 
in shape; the back flue sheet will be irregular, 
as wiU also the dome sheet. 

In figuring the length of a sheet, which when 
bent will form a cylinder, the neutral diameter, 
or diameter measured at the center of the sheet, 
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is used. Thus, if the outside diameter of the 
smoke box is 66", and the thickness of the 
sheet is i", the neutral diameter will be 
66" — Y = 65i", and the length of the 
required sheet will be 65i" x 3.1416 = 205.775", 
or say 205|". 

The front tube sheet shown in Fig. 14, before 
flanging, would be a circular plate having a 
diameter equal to the length of the neutral 
line. This neutral line is made up of the line a, 
the two arcs 6, 6, and the straight parts of the 
flange c, c. In addition to this diameter, 
sufficient material must be added to allow the 
edge of the sheet to be trued up after flanging. 
The dotted lines give the limits of the curved 
portion of the flange and are located on the 
plate for the guidance of the flanger. The 
sheet will come from the makers sheared ap- 
proximately circular in shape. The center of 
the sheet should be found with a pair of tram- 
mels, by striking arcs at the center from several 
points along the outer edge. Through the 
center thus found two lines should be drawn 
at right angles to each other. From these 
lines all the various holes are laid out. The 
rivet holes in the flange cannot be laid out until 
after flanging. 

The smoke box sheet of the boiler shown in 
Fig. 12 would be laid out in the following 
manner: Referring to the drawing, the width 
of the required sheet would be 22i" + 41" = 63i". 
The inside diameter of the smoke box is 67tt'' 
and the sheet is §" thick, hence the neutral 
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diameter will be 67|y, and the circumfer- 
ence will be 213.43''. To make this smoke 
box will therefore require a sheet somewhat 
larger than 63i" by 213.43''. 



( 



^ ^ — 



4 



G 



1 



-/^(/■/Wfr 40^^ 



(^Piry^^ 



/V^/ ^^m^ 



3 




Fig. 14 



Draw a line along the lower edge of the sheet 
from one end to the other^ allowing about 
Y for planing. From this line measure off 
the width of the sheet, 63^", at each end, and 
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through the points thus found draw a line 
along the top edge of the sheet. Draw a Une 
close to one end of the sheet, allowing sufficient 
metal for planing, and from this line measure 
off the length of the sheet, 213.43", and draw 
a line through this point square with bottom 
line. The sheet should now be quartered, and 
the longitudinal center line drawn, as well as 
the line defining the center of the cylinders. 
Generally all dimensions will be referred to the 
cylinder center line, and care must be taken not 
to measure them from the center line of the 
sheet. The front row of rivets is 1|" from 
the edge of the sheet, therefore a line will be 
drawn this distance from the front edge of the 
sheet. As there are 52 rivets in this seam, 
there will be 13 rivets in each quarter, and 
they will be laid oflF with the dividers spaced 
to give 13 divisions between each quarter line. 
The back seam will be laid oflF in exactly the 
same manner, except that it is a double riveted 
seam and has 60 rivets in each row, or 15 rivets 
in each quarter. 

The balance of the work will be laid off from 
the center lines, and in this connection it should 
be said that generally all work is to be laid off 
on what will be the outside of the sheet. 

The third course of this boiler is a fustrum 
of an obhque cone. This is generally the shape 
given to this sheet, but not always. There 
are several methods by which this sheet may 
be developed, but the one here given has the 
advantage that it will answer for any irregular 
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shaped sheet, no matter what the form may be. 
Fig. 15 shows the method of developing this 
sheet. In this figure the bending lines only 
are shown, the dimension r being the length 
of the sheet less about 2^ more than twice the 
width of the joints. 

To develop this sheet, proceed as follows: 
Draw I mnOy the shape of the sheet when bent, 
making o I ^ p ^ the neutral diameter of the 
large end; m n = q = the neutral diameter of 
the small end; r = the length between the 
bendinjz; lines. On o Z draw the two semicircles 
a d g, representing the large diameter and a^ (f 
g^ representing the small diameter. Divide 
these semicircles into a convenient nimaber of 
equal^ parts; the greater the number of these 
divisions the more accurate will be the results. 
Join the points b and b\ c and c^ d and d^, 
e and e\ f and f\ by full lines, and join the 
points a and 6^ 6 and c\ c and d^, d and e\ 
e and /^ / and g\ by dotted lines, as shown. 
Then maJce the construction shown at the 
bottom of the figure. Draw a w, at right 
angles to w z, and 6* z at right angles to z x. 
Make icXy and zXy equal to r. From w lay off 
on line w a distances w a^ w b, w Cy w dj w e, 
w /, respectively, equal in length to the full 
lines a a\ b b\ c c^ d cP, e e*, / /*. From z lay 
off on line z b^ distances z a*, z 6*, z &, z d\ 
z e\ z Py respectively, equal to the lengths of 
the dotted lines a b\ b c\ c d}, d e\ e P,} g\ 

Assimae that the joint is to be on the top 
center Ime a a\ From a as a center, with the 
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dividers set to the length of line a* x, scribe a 
short arc, and from a^ with the dividers set to 
the length of the arc a^ 6^ scribe an arc inter- 
secting the first one at b\ From 6^ as a center, 
with the dividers set to the length of the line 
b X, scribe a short arc, and from a, with the 
dividers set to the length of arc a 6, scribe an 
arc intersecting at 6. From 6, as a center, 
with the dividers set to the length of the line 
6^ X, scribe a short arc, and from 6^ with the 
dividers set to the length of the arc 6^ c\ scribe 
an arc intersecting at c\ From c\ as a center, 
with the dividers set to the length of the line 
c Xj scribe a short arc, and from 6, with the 
dividers set to the length of the arc 6 c, scribe 
an arc intersecting at c. Proceed in the same 
manner locating successively points d}, d, e\ e, 
Pi fj 9f 9^' The line g g^ will be the center of 
the sheet and the other half will be the same 
shape. If line a a^ be extended it will intersect 
line n, extended, at A, which will be the apex 
of the cone of which the sheet forms the fns- 
tnmoi. If the work has been accurately done, 
a line drawn through the points g and g^ will 
also pass through point A. A curve drawn 
through the points thus found will define the 
shape of the sheet, and the length of these 
curves should be equal to the respective neutral 
circimiferences of the sheet. Generally this 
part of the work would be done in the drawing 
room, or by the boiler maker, to reduced scale. 
In such cases a reference line B Bj would be 
laid down at right angles to the center line g g^, 



and dimensions as shown at 1, 2, 3, 4, etc., 
would be laid off for the purpose of transferring 
the shape to the plate. The dotted lines in the 
^ure show the amount added beyond the bend- 
ing lines for the joints, and as the length of these 
lines will be equal to the length of uie bendJng 
lines, the edges at a and a' will be parallel with 
the center Ime g g^. 
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Fig. 17 



Fig. 16 shows the application of the foregoing 
method of development to the outside firebox 
sheet of the boiler, shown in Figs. 12 and 13. 
This figure is distorted for the purpose of better 
showing the shape of the sheet. The method 
pursued is exactly the same as has just been 
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described, hence will not be repeated. It might, 
however, be well to call attention to the shape 
of this sheet below the line j f. From these 
points the sheet is flat, hence the edges would 
De at right angles with the line j f in the upper 
figure. 

Fig. 17 shows the development of the back 
head. The letters in the various figures refer 
to the same dimensions, and the method of 
development will be clear without further 
description. 

Fig. 18 shows the development of a throat 
sheet. This is a difficult sheet to flanjre, and 
is also rather hard to lay out properly. The 
upper figure shows a section through the center 
of this sheet after it is flanged; the lower figure 
shows the shape of the sheet before flanging; 
the solid black lines on this figure show the 
shape of the sheet after flanging at the points 
where they are located. The letters on the 
various views refer to the same dimensions. 

Draw the center line A A, in the center of the 
sheet, and then from the figures on the drawing 
locate the center of the boiler, as at C. From 
this center strike the inside radius of the sheet, 
as shown. From the bottom of the sheet lay 
off the distance G, and draw a line at right 
angles with the center line. This line will 
define the top of the sheet. After flanging, 
this portion of the sheet is a straight line, that 
portion marked h being turned forward, while 
the portion marked g is turned backward. 
Therefore, from the neutral line the distance h 
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will be laid off toward the center of the sheet 
and the distance g laid off toward the outside 
of the sheet. From the bottom of the sheet 
lay off along the center line the length of the 
neutral line icd. This will give a point on the 
center line through which an arc should be 
struck which will define this portion of the 
sheet. 

The sheet at the bottom is flat for a distance 
n, each side of the center line, o is the length of 
the neutral line for the mud ring comer, and p 
is the width of the flat portion of the flange. 
These dimensions hold good for a distance r 
above the bottom line of the sheet. At a 
distance e above the bottom line the plate is 
flat for a distance k, each side of the center 
line; I is the length of the neutral line for the 
radius the comer is bent to at this point, and 
m is the length of the flat portion of the flange. 
The dotted lines show the limits of flanges. In 
flanging this sheet, the first operation is to turn 
back the flange marked p, m and g. Then the 
flange marked h and d is turned forward. 
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BOILER WASHING SYSTEM. 

One of the many requirements now made by congress is t^ 
prop€fr care of the locomotive boiler. The minimum requirements 
are that each boiler shall be washed at least once each montb. 

Several disadvantages have attended boiler washing; First, it 
consumed considerable time which might seriously interfere ^th 
transportation in busy times and, second, bad results often fol- 
lowed from the frequent cooling down and reheating of boilers, 
causing undue expansion and contraction, with the aecompaaving 
cracking of sheets and leaking of flues. With the hot water system 
of boiler washing these bad effects are reduced to aminimmn as 
the time consumed is about one-half that of the former, and it ir 
claimed that no bad effects will follow, as the waging and filling 
is done with hot water, thereby keeping the flues and sheets hot 
all the time. 

Several different boiler washing apparatuses have been put on 
the market, and the one here described is known as the "National 
Boiler Washing System," of which Fig. 1 is a general outline 
view, and Fig. 2 is a view of the plant as it looks installed in a 
roundhouse. 

Beginning with the locomotive in Fig. 1, it may be stated that 
the steam and water are blown out of the locomotive through the 
blow-off line 56, between the pits and through the main blow-out 
line, which extends around the entire roundhouse and then into 
the filter A. The steam and water then strike a baffle plate, 
where the steam is separated from the water, and rises from filter 
Ay and passes through blow-out steam pipe No. 4 into open heater 
B. As the steam and water pass to filter A they open fiop valve 
34, by their pressure, which is connected to fresh water vjdve 31. 
G^his admits cold water to open heater B while the engine is being 
blown off. The steam entering the open heater B heats the cold 
water automatically admitted by the blow-off steam and water, 
and in suflSciert quantity to refill the same boiler, which flows 
through pipe 38, to storage tank F, for filling water. 

A thermostat, 43, which is placed in storage tank F, controls 
live steam valve 44, by opening it when the temperature in the 
tank is below any desired temperature, preferably 170 degrees 
Fahr. At this point the thermostat automatically operates and 
closes the live steam valve, thus maintaining the water at 170 
degrees Fahr. for filling purposes. This valve is seldom opened, as 
the blow-off steam from the boilers generally maintains the proper 
temperature. 

Float 39 and valve 42 are for the purpose of controlling the 
admission of fresh water to the filling water tank when the level 
of the water falls below a certain point. In this manner there 
is a minimum amount of water for filling purposes at all times. 
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The hot water from the filling tank F is pumped by filling pnzap 
Gf and discharged from filling line 48, which extends aroond 
engine house, into filling line drop pipes 49, between pits. 
the ends of the drop pipes are placed heavy pressore gate 
to which a hose can be connected for filling the boilers throisg'M 
blow-off cocks. 



The water in filter A passes through the perforated cone- 
filter plate 54, and filtering material into pipe 10, which leads inro 
washout water reservoir D. Also leading from filter A is a slnd^r^ 
pipe wlijch is connected with sludge tank C. All sludge and sesJ^ 
blown into filter A will drop into this tank, from which it can be 
waslied into the sewer. By this means of purification and storage 
the greatest amount of waste heat blown out of the locomoti'^^ 
boilers is claimed to be saved. 

The temperature of the water direct from the washout tank will 
ordinarily be about 185 degrees Fahr., but as washout water above 
150 degrees Fahr. can not be safely handled, a cold water line 
No. 12 connected to hot water suction line No. 11, with a tenngper- 
ing valve No. 13 is used. This valve is actuated by a ther- 
mostat. 14, inserted in tee 11a, in suction line 11, which main- 
tains a ])ositive temperature of the washout water. The washout 
water is discharg^ed from the washout pump through washout line 

20, which extends around the engine house and through drop pipes^ 
22, at the sides of the pits. 

Circnlatiup: pipes extend from the ends of the washout anJ 
fill in pj ])i]>»'s ])ack to the reservoirs. Through these pipes, ol and 

21, a constant circulation of washout and filling water is main- 
tained. 

For l)lowinjT out the boiler, connection is made from the blow- 
off cocks 5."). to blow-off drop pipes 56. By this arrangement it 
is claimed that a boiler can be emptied in about thirty minutes. 
The storage capacity of the filling-water reservoir is about 10.000 
gallons. The washout reservoir has a storage capacity of 8,500 
gallons. The pumps are brass-fitted, duplex, and equipped with 
pump governors and lubricators. The washout pump has sufiScieot 
capacity to wash three boilers at one time and maintain about 
90 pounds pressure. The filling: pump has a capacity .of 500 
gallons per minute, running at 85 strokes per minute. 
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MICROMETER BOEING TOOL. 

There have been many improvem^nle iu machine tools and i 
plement* used iritb (he same during the last decade, each a 
aiming at an improvement in product or in a redatrtioD of co 



or in both. A very nntnlilo one m the adjustable or eipanslon 
borinft tool, knoB-n iis tlii' " Tivpntieth Century Ftorinf; Tool," 
whi'^li ix finding its wiiv ri.'n slio-is UK n vrr- ufU'ful artids, espe- 
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cially as applied to the refitting of wheels to old axles. The 
expansion boring tools offer nearly the same opportunity that one 
has in a planer — of using several cutters in order to diminish the 
power required to remove a certain amount of metal. These tools 
Avli!<li liave a micrometer adjustment (see Figs. 1 and 3) make 
the roughing and finishing cuts in one operation. 

Four cutting tools are used, and so arranged that but %-inch 
additional feed over the length of the hole to be bored is re- 
quired for the finishing cut. By the micrometer adjustment the 
cutters may be set in or out accurately within .001 inch. In Fig. 
2, A and B are the cutters. C is a vertical section of one of the 
cutter carriers, and D is a horizontal section. These carriers, as 
shown at C, have a projection on the toj), the faces of which make 
an angle of 45 degrees with the top of the carrier: The outer, 
or right hand, surface of this projection bears on a corresponding 
beveled surface on the under side of the micrometer ring. The 
inner surface bears on a beveled surface in a sliding bar. There 
are four of these bars, one for each tool, and they are held in 
longitudinal slots in the tool body under the micrometer ring. 
This part of the body is not threaded, and the micrometer ring 
is free to slide up or down. However, these sliding bars extend 
beyond the tool body and are threaded to fit the inside of the 
micrometer ring. By turning this ring they will be raised or 
lowered, as desired. When they are raised the beveled surface 
is lifted from the corresponding surface on the cutter carriers, 
and when the micrometer ring is pressed down, it being loose on 
the body of the tool holder, the tools are forced by the beveled 
surface on the inside of the ring until they again bear on the 
beveled surfaces of the sliding bars. When the micrometer ring 
is turned the other way the sliding bars are lowered, causing them 
to bear on the inside of the projection of the tool carrier, which 
forces tlio tool out. 
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Fig. 2 



The upper ring or set collar is threaded to the tool body and 
when the tools are once adjusted, it is screwed down against the 
miprometer ring and holds it in pHce. The threads on the sliding 
^»arR have a pitch of .125-inch. There are 125 micrometer grad- 



uatioDs. so thai the movement of the ring liv one graduation nwai* 
the moving ot the tool carrier .OOl-inch. The tool ie held in tat 
carriers by screws E and F, E being the adjusting scre^ sod P 
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the locking set screw. The colters may be gronnd to any loiijjtli. 
but when located in the cutter holders they must be eqiiidisfjint 
from the center. The tool A shona the upproxtmate sha^ie of rhe 
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tools, and B shows the way in wliioh the finishing tool is cut to 
follow the tool A. When adjusted for tini^ing this tool is allowed 
to project about 1-16-inch beyond A. As this tool revolves each 
cutter cuts to a depth of 1-16-inch, so that in one full revolution 
of the tool there has been removed J^-inch of metal since each of 
the four cutters have made a cut of 1-16-inch. 

When fitting car wheels to old axles, one sets the cutters ap- 
proximately to the size, and then by the use of a micrometer-gauge 
on each succeeding wheel-seat the variation from that size is noted 
in thousandths and the corresponding change made in the cutters 
by the use of the micrometer ring on the tool. 

These tools are made for use in any tool used for boring. 

OXY-ACETYLEXE WELDING AND CUTTING— THERMIT 

WELDING. 

The oxy-acetylene method of weld'ng while a process of uniting 
metals of the same and of different characters, conforms to neither 
welding nor soldering. It is not welding, because pressure is not 
needed. It is not soldering, because it is not necessary that there 
should be an intervening film of a different substance. It is perhaps 
nearer to welding, although it is not of such limited application. 

The object of welding is to secure a union without destroying 
the form and condition of the pieces except at the junction. The 
high temj)erature required is supplied by the flame of the oxy- 
acetylene torch. Considering the rapid and tremendous losses due 
to the cooling effects of the surrounding air and the metal being 
treated, the tem|)erature of the particles which actually are con- 
cerned in the flame itself must be enormous. To melt the surface 
of a metal whose fusion point is, say 2.500 degrees Fahr. it will 
be necossnry to have a flame whose temperature is far in excess 
of this point, in order to get practical results. 

The process employed in the Davis-Bournonville system of 
acetylene welding is to mingle acetylene and oxygen under pres- 
sure and then ignite the mixture at the exit of a suitable tip. Com- 
bustion is thus effected and hifjh temperature attained. The oxy- 
acetylene torch is said to produce a temperature of 6,000 degrees 
Fahr. or more. The tip which is an imnortant part is perforated 
along the axis. But this perforation is not uniform throughout. 
The oxygen, under pressure, enters at the rear end, but as the 
tubular hole is immediatelv contracted, it is checked. Passing 
through this contraction, the oxygen finds its way into an axial 
mixing chamber extending the whole remaining length of the tip. 
The acetylene, also under pressure, h*»8 likewise found its way 
into this mixing chamber bv rndial holes so dimensioned that the 
pressure of the oxve^en is in excess of that of the acetylene. 

If the flame which issues from the tin be examined when it is 
produced in such a way as to be most effective it will be found to 
he double; that is, there is a central core of rather diminutive 
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proportions enclosed in a large envelope. It is the inner portioB 
which is the welding agent. The whole of the inner flame is not 
at the maximum heat^ but only the outer end. Gases are not in 
the highest state of combustion, immediately thej are mixed and 
ignited. A short interval of time is needed, which in the preaeni 
case, is merely the time required to travel from the exit to a point 
2/5 to 9/16 of an inch away. So that if the highest temperatnre 
attainable is desired this must be remembered. 

The carbon and the hydrogen of the acetylene most be dis- 
sociated. The carbon must unite with part of the oxygen to fona 
carbon monoxide. As there is a considerable forward velocity, the 
principal locus, of both actions is at the outer extremity of tJie 
inner flame. l>uring the interval between its dissociation froB 
the hydrogen and its subsequent union with the oxygen, the earhoo 
shines with a brilliant incandescence, giving rise to the resplea- 
dency of the inner flame. This is a very small space, as the 
oxygen almost instantly unites with the free carbon. 

To carry out the process of obtaining the standard form of 
flame, proceed as follows: Ignite the torch when there is aa 
excess of acetylene. There will be a dull white flame. As the 
oxygen is gradually increased, the flame becomes a more bnlliant 
white, and diminishes in size. In fact, if the bluish envelope 
which forms is included, the flame is triple. Within are two 
distinct flames of unequal brightness. By increasing the supply 
of oxygen — or, by decreasing the supply of acetylene — ^theee two 
inner flames may be made to grow together. When this takes 
place, the correct welding flame has been produced. 




Fig. 1 

Cross Section of Burner Tip. 

The aoctyleno Is undor pressure as well as the oxygen and enters 
the tip, Fig. 1, thronjrh opening A. The acetylene joins the oxygen 
which comes in at right angles through four radial inlets, B, B. 
The oxygen has just passed tlirough the point where its flow has 
been checked. This is, likewise, the case with the acetylene. As 
both gases expand in currents at right angles to each other, they 
are well mixed at once. Entire dependence, however, is not 
placed upon this initial mixing. The tip is considerably pro- 
longed to afford a suflioient locus for its completion. It is im- 
portant that the tip is so constructed that the oxygen enters back 
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of the acetylene. It will be seen that tbe oxygen drives the 
acetylene on. If other particles of acetylene are carried in because of 
the su(ierior velocity of the oiygen, they are, nevertheless, brought 
into n poBition nbere other oxygen particles just entering can 
drive them on. It a very important that the final mixture should 
be in proper proportions. This is secured, first of all, by regu- 
lating the admission of the gases. The diameter of each of the 
four radial orifices which constitute the nozzles for the introduc- 
tion of the acetylene into the tip, the diameter of longitudinal 
contraction which serves the same purpose for the oxygen and 
the volumetric capacity of the mixing chamber C, all must enter 
into the problem of securing the proper mixture of acetylene and 
oxygen in the ratio of 1: 1.28. It ia desirable, in view of the 
many different kinds of work to which the torch is applicable, to 
provide a variety of diameters for the exit channel, in order to 
produce welding flames of different sizes, (see Fig. 2), 
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WeldioK Torch and Tips. 

The dimensioning of the tip corresponds to certain standard 
pressures of the oxygen and acetylene. These are liable to slight 
variations which are compensated for by means of adjustment of 
the supply cocks. 

But the form of the central flame is the final test. Instead of 
making adjustment by means of the cocks on the torch itself, the 
reducing valves at the sources of supply may be adjusted and 
leave the cocks on the torch wide open. However, the flame should 
)>e inspected now and then to ascertain whether conditions are 
l)eing preserved. 

The oiygen in its tank may be kept at a verj considerable pres- 
sure, but as it flows out, the pressure falls. In order both to 
avoid the .excessive pressure of the reservoir and the fluctuations 
attendant upon driving the torch supply directly from it, a re- 
c^iicing valve, fig. 3, is used. The larger indicator. Fig. 3, shows 



Fig. 3 

Oxyg^'n Resiilalor.-. 
pressure of llip suj'ply to the fiied point deaired for the lorfh. 
The Hrplylpnp roKUlntnr which acpoinplishps the same rpsiiHs f<" 
Bcet.vlcne tliat the reiinciujf valve does for the oiygen is ahonn 

Afetylcno is an endotbermic subBtanee. That is, it nbsorlM bwt 
upon its formation from hydrogen and carbon, and liberates bc»t 
upon diswieiation into its elements. 

Acetylene is coin m ere i ally pre|inred by bringing calcium carbide 
into the presence of water. If nater is [iresent iu cicess of llf 
weight reqaired, then a further reaction takes place — the resutttue 
lime hecominfr einked lime. 

In the generation of acetylene hy this method, a very i-onaider- 
able amoimt of heat in liberated in spite of the individusl en*'" 
thermic chararter of the jtas ifwlf. To meet the dithcully that 
might thus arise in the pToce«.s of generation a large excess of 
water is emiiloyed. The wafer tlien furnishes, not only the hydn>- 
jjen for the acetylene, but acts as an absorber of the heat libersled. 
Acetylene can also be prepared by dropping water upon wlciuJU 
carbide, but there is then no provision for the absorption of t^ 
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Fig. 4 

Acetylene Pressure Rogulator. 

Fig. 5 IB a Bectional view of a pressure generator, which jiro- 
dnees acetylene under preaaure. At the top of the tank, the carbide 
hopper is represented by dotted lines. The chemical is inlrodueed 
into this rereptacle by reniuiing the pluR kk. Tlie tank is about 
two-thirds full of water. Into this the carbide, of not aize ( 1 inch x 
% ineh), is dropped. An agitator in located at the bottom, as 
tihown hy dotted lines. This is rotatable from the outside by means 
of the crank shonn on the left. The slaked lime residiuni may 
be drawn off at the extreme bottom. The gas, upon being gen- 
erated, rises to the space above the water-leiel and passes out of 
the tank at the upper right side. It then pnsses into the lube 
OQ, at whose top is n controlling diaphragm connected with a 
lever and weight. Thene control the jiressiire at which the acetylene 
is produced in the following manner: There is a clockwork motor 
on top of the tank. This is run bj means of the weights at the 
left. When the extreme left end of the lever la at a certain 
point of depression or slightlv l>elow it. it acts through the agency 
of a fan governor to permit the operation of the clock-work. 
When it is raised above this position, the clock-work and the con- 
sequent feeding of carbide increases the pressure of the acetylene 
heing genersled, the raw-hide dinplimgm X ia expanded upward, 
and TO lifts the lever. If this continues, the left hand end of the 
lever will rise sufficiently lo stop the clock-work. Generation of 
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acetylene immediately ceases. The pressure at which the acetylene 
will be generated depends upon the amount of resistance of the 
lever to the diaphragm X. By attending to it, and the gauge at M 
adjusting the weight Z on the lever, tiLS piessure may be set at 
any point desired. The maximum ]>i(S8uie recommended is 10 
pounds per square inch. At P is a safety valve which may be 
set, say, at 15 pounds. 

The clock-work operates a horizontal circular disk E, which is 
rotatable on a vertical axis. This disc really forms the bottom of 
the carbide hopper, although it is some little distance below the 
actual discharge opening. A series of semi -stationary guides FF, 
huDg by chains and occupying in part the space between the disc 
and hopper, direct the pieces of carbide on the disc to its edge 
during operation. The chemical is fed by being dropped off the 
edge of the disc into the water below. The current of gas as it is 
generated, passes down the vertical tube OQ and into the flash- 
back cylinder G. This is kept nearly full of water. The gas is 
conducted to the bottom, when it is permitted to rise to the sur- 
face and pass off into the chamber J, which is filled with suitable 
filtration material. Thence is passed upwards into the ser\'ice 
pipe U. 

The oxygen necessary mny be generated or it may be purchased 
in tanks from companies who manufacture it. 

Since acetylene is sn explosive gas, .i flash-back from the tip is 
a thing to be taken into serious account. However, in this gen- 
erator, the maximum pressure is limited to 1o pounds [)er square 
inch. At this low pressure, the acetylene will not explode unless 
mixed with air or oxygen, provided the temperature is not per- 
mitted to reach the ignition point, f*9fl degrees Fahr. However, 
this is provided against in several different ways. The exit of the 
tip is much larger than the oxygen inlet. This, taken in connec- 
tion with the fact that the final exit is in a direct line with the 
incoming strong current of oxygen, would seem to provide fairly 
well for the evacuation of the oxygen from the tip, even though 
the acetylene pressure should momentarily cease. However, if 
. the mouth of the tip should become stopped up, it is conceivable 
that serious results mi^ht follow. But the construction of the 
torch is such that the pr»etylene passes through an enlarged chamber 
before reaching the tiT>. This is. in fact, the handle of the torch 
and is filled with asbestos and mineral wool. Before a flame 
could reach the tank, it would have to pass through the filter J, 
where porous material again obstructs its passage. However, if 
the flame should succeed in getting through both the handle and 
this filter, it would next encounter the water in tank G. Here 
nearly the entire depth would have to be passed through, in order 
that the flame might pass into the tube I and on into the tank. 
Therefore, with the flashback tank properly filled, there is little 
danger of the flame retreating from the tip to the tank. 



Fig. 6 

Ri-jwlr <il Heavy Craked CaatinK- 

With Buch intense nnd maaageable beat as tbat afforded br 
the inner flame of ox^-acetjlenc torch it is possible to unite cast 
iron to east-iron, steel to iron, steel to brass, ete. The union u 
effected bj fusion. Tno pieces of east-iron mat- be joined bj 
metling a film of the surfaces vchich it is desired to involve id 
the joint, and also nielting a quantity of neiv east-iron in between 
and (hen effecting a uniQcatiou of the irhole. Or, bv joioinjC two 
Burfaees by the intervention of an independent piei-e of metal 
soldering is accomplished. But the fusion process differs from 
welding in that no pressure is eierted and actual fusion talcea 
place. It differs from soldering iu that actual fusion of the 
surfaces occurs. 

Tn effect a neld of cast-iron to cast-iron the edges which it is 
desired to unite are chamfered off to form a V-sbaped groove 
having a right angle at the bottom. Beginning at the point of 
the V, the metal is fused and puddled, and the weld started with 
material supplied from its sides. When this beginning has gotten 
fairly under way, additional metal may Ite supplied. ITsing the 
torch, this is puddled togetber ivith mptnl from the sides of the V. 

It will be seen thnt. since it is necessary to fuse the metal of 
the work, a high temperature must be maintained at the sides of 
the V. If these are thin, but little trouble will be einerienfed. 
But as the metal involved becomes more massive, difficulty arises. 
To meet this difficulty, the edges must be pre-heated. Indeed, it 
would seem that success in dealing with pretty much any siie of 
parts is dependent merely upon the ability to secure a sufficient 
and properly distributed preheating. 

Many times, when castings are examined for defects, blow holes 
are found. Projecting parts may have been broken off. all of 
which may be economically repaired and recovered by this process. 
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fig. 7 

Wrldlns Rupture In FIreboK Shfei. 

The <MiIting of stwl by actual burning is made commerciBllj' 
prui'tii'ahle by means of the ox;-acetylene blow-pipe on acount 
of the liigh temperature which it is capable of developing. Steel 
to be i-jit is first heated bj the torch flame to the mettiug i^oint and 
then a special Rupply of oxygen under higher pressure than that 
used for the torch flame is delivered through a separate tube di- 
reclly at the cutting point (see Fig. S) nhich ia arranged close 
to the flame jet to take advantage of the high temperature created 
by the latter. 

Each torrh is fitted to receive the attachment for cutting steel 
and iron (other than cast iron) and can be attached or detached 
easily 

By moving llie double noule along at proper speed a amoDth 
cut is obtained by burning that can be made practically as deep 
and narrow as-one made by a tool, due to the localization of heat 
possible with the very high temperature. The metal disappearing 
from the cut is in great measure combined nith the oxygen to form 
oxide of iron, passing otl in the form of fine particles. The 
oxide is the reason for the considerable supply of oxygen necessary. 

To mnke a cut i4-'nch wide, 1 foot long, in 1-inch of steel would 
remove 3 cu. inches of metal weighing about 131^ oz. The 
amount of carbon contained is small, and. assuming the iron to 
be burned entirely to oxide, the cutting "ill take 51-7 oz. of 
oxygen, or 3.,55 cu. ft. at atmospheric pressure. This amount of 
oxygen most be supplied in the time of makiDg the 1-ft. length 
of cut. Temperature will not take the place of oxygen, nor will 
oxygen take the place of temperature. 
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CUTTING TORCH STYLE A 





CUTTING TOUCH ATfACHMCiT 
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Cutting Torch and Tips. 



Stpol can be readily cut by the oxy-acetylene process, but not 
cast iron. The ditTerence between steel and gray cast iron Jit-s 
in the j-nrbon and its condition. In steel all the carbon pre**^>nr 
is cln'niically combined with the iron and cannot exceed atuu* 
2 jMM- tent. Gray cast iron contains more than this and much 
of its carbon exists unconibined. The trouble may not be ?*• 
much because of liie tot-il amount of carbon present as the man 
ner in wliich it exists, partly uncombined. Cast iron can he 
fused and wehied readily by- the oxy-acetylene process, but not 
cut. Tlie m.'iterials to which the cutting process is applicable are 
coniiuercial AAroiMriit ir(>n and steel. Steel can be cut in any 
form, whether rolled, fornrcd or cast, and very thick sections as 
well as thin ones. The metal loss is but little, as the activity is 
purely local. A i^ar of steel 6 inches square can be cut in two 
with a cut alout ^-inch wide* A little more metal is invoh'prl 
hej'JMise of slight in<>u:ularities. but this is a small matter. Steel 
6 inclies thick can I'c *iit at tht' rate of about 1 foot in 3 minutp*. 
The oxypen requisite for such a cut is about 20 cu. ft., plus the 
oxviT(>n for the lieatinix tip. which costs about 2\^ cents a cubic 
foot 

Ficf. 9 shoTVs +he PortaV^le units for welding and cutting. The 
port'iitle welding unit may be converted into a cutting unit hy 
j>lacin>r a tee connection on the oxygen cylinder and adding an 
oxygen indicator and regulator with a hose connection for fur- 
nishing a sup]>ly of pure oxygen gas. 
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In the compression of acetylene for portable use the acetylene 
is dissolved in acetone, which is capable of absorbing twenty-five 
times its own volume with each atmosphere of pressure. The 
process consists of filling high pressure steel tanks with porous 
material and acetone and compressing the acetylene into the 
same, from which it can be used as required. 

It is important that the nozzle be the right size. The waste of 
steel involved in making too wide a cut may be disregarded, but 
not the waste of gas and labor. A cut 3/16 inch wide when %- 
inch is practicable, means the disintegration of 50 per cent, more 
metal and employment of 50 per cent, more gas and labor. The 
smallest nozzles practicable should be used to save, not merely 
steel, but the expense required to consume it. Very deep cuts 
can be made with very thin jets. 

An acetylene welding and cutting machine for use where 
straight-line welding and cutting operations have to be carried 
out, especially in connection with repetition work is shown in 
Fig. 10. This machine consists of a cylindrical upright 6 or 7 
feet in height, which carries a long hollow arm projecting for 6 
or 7 feet on one side. By means of a rack and pinion this arm, 
which carries a long screw, may be adjusted to any height de- 
sired. At the base of the upright, pulleys mounted on a short 
horizontal shaft are driven from a countershaft above. At one 
end of the short shaft a friction pinion is arranged which 
contacts with a suitable disc mounted on a vertical shaft. 
This latter shaft and a rotatable rod arranged in the hollow arm 
are connected by bevel gears. At the outer end of the arm an 
arrangement of gears enables the inclosed rod to drive the screw. 
The turning of this screw operates a carriage back and forth hori- 
zontally along the arm. Upon the carriage are mounted the torch 
and its controlling fixtures. The work is placed or secured on 
a suitable fixed table, and flexible tubes bring the oxygen and 
acetylene to the torch. The tip is practically the ordinary form, 
and it is arranged at an angle of 40 or 45 degrees to the hori- 
zontal, this angle being to the rear of the welding movement. 

If the weld is to be a flat one and of inconsiderable length, the 
two pieces are clamj)ed in the exact relative positions they are to 
occupy finally. The carriage with the torch moves evenly along 
at the proper rate of speed. 

To weld two strips edge to edge at an angle of 90 degrees 
the strips are placed on the sides of an angle bar and clamped 
securely in position with clamping strips inserted between the 
outer faces of the work and the jaws of the clamps. 

Where the form and character of the work do not prohibit, 
pre-heating by cheap methods can be employed, thus effecting a 
saving both in the consumption of the gases and time. Where 
pre-heating is used before passing under the torch it is claimed 
that the work can be welded at a speed of about 26 inches to 
28 inches per minute. 
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Fig. 11 

Thermit Weld made on Frame Under Ehiglne. 



It is not used to sneb an exteni 
the oiy-acetyleue proeeBS, because 
bulging is produced, see Fig. 11, 



in nelding smaller pieces as 
in making the weld a small 
irbich, since the joint is so 
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Thermit Weld, Locomotive Fraraa. 
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hard, is exceedingly difficult to plane or grind down to the origi- 
nal surface, thereby not allowing as neat a job to be made. 

Fig. 12 shows a compound weld made by thermit. The IM- 
inch hole is drilled through the top rail to give the thermit a 
better opportunity to circulate and the frame will also preheat 
more uniformly. The pedestal jaw was spread apart 3/16-inch. 

To prevent the frame from upsetting while preheating and 
welding, the opposite frame was expanded with a slow charcoal 
fire. When a frame is broken in two or more places in the front 
pedestal and the engine requires general repairs the broken pedes- 
tal is replaced by a steel one. which is already machined. Some 
of these require three welds, as this type of pedestal is welded 
to the front end of the frame forward of the guide-yoke, thus 
cutting out the splice and making a continuous frame. 
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AREAS AKD CIRCUMFERENCES OF 

CIRCLES 





ll 

1: 
u 


Area 
Sq Inches 


Diameter 
Inches 


8 I 

B **^ 



Area 

Sq. Inches 

1 
1 


tV 


.19635 


.00307 


2 


6.28319 


3.14r6 


i 


.392699 


.01227 


2tV 


. 6.47953 


3.3410 


w 


.389049 


.02761 


2i 


6.67588 


3.5466 


i 


.785398 


.04909 


2A 


6.87223 


3.7583 


TTT 


.981748 


.07670 


2i 


7.06858 


3.9761 


i 


1.17810 


.11045 


2A- 


7.26493 


4.2000 


tV 


1.37445 


.15033 


2l 


7.46128 


4.4301 


* 


1.57080 


.19635 


2tV 


7.65763 


4.6664 


iV 


1.76715 


.24850 


2i 


7.85398 


4.9087 


f 


1.96350 


.30680 


2W 


8.05033 


5.1572 


H 


2.15984 


.37122 


2i 


8.24668 


5.4119 


* 


2.35619 


.44179 


2ii 


8.44303 


5.6727 


H 


2.55254 


.51849 


2i 


8.63938 


5.9396 
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2.74889 


.60132 


2H 


8.83573 
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2.94524 


.69029 


•2i 


9.03208 


6.4918 


1 


3.14159 


.7854 


2it 


9.22843 


6.7771 


itV 


3.33794 


.88664 


3 


9.42478 


7.0686 


1* 


3.53429 


."99402. 


3 A 


9.62|113 


7.3662 


lV\r 


3.73064 


1.1075 




9.81748 


7.6699 


li 


3.92699 


12272 


3A 


10.0138 


7.9798 


lA 


4.12334 


1.3530 


3i 


10.2102 


8.2958 


If 


4.31969 


1.4849 


3tV 


10.4065 


8.6179 


lA 


451604 


1.6230 


3f 


10.6029 


8.9462 


li 


4.71239 


1.7671 


3Ar 


10.7992 


9.2806 


liV 


4.90874 


1.9175 


3i 


10.9956 


9.6211 ^ 


1* 


5.10509 


2.0739 


'3^v 


11.1919 


9.9678 


iH 


5.30144 


2.2365 


Si 


11.3883 


10.321 


1* 


5.49779 


2.4053 


3ii 


11.5846 


10.680 


lii 


5.69414 


2.5802 


3f 


11.7810 


11.045 


li 


5 89049 


2.7612 


3i* 


11.9773 


11.416 


i« 


6.08684 


29483 


3i 


12.1737 


11.793 



AREAS AND CIRCUMFERENCES OF 
CIRCLES— continued 
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i 
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li 


^1 


^1 


3« 


12.3700 


12.177 


5i 


18.4569 


27.109 
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12.5664 


12.566 


5H 


18.6532 


27.688 


*A 


12.7627 


12.962 
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18.8496 


28.274 


H 


12.9591 


13.364 


H 


19.2423 


29465 


ify 


13.1554 


13772 


6 


19.6350 


30 680 


*i 


13.3518 


14.186 


6i 


20.0277 


31.919 


4t'» 


13.5481 


14.607 


6 


20.4204 


33.183 


^ 


137445 


15.033 


6 


20.8131 


31472 


4 


139408 


15.466 


6 


21.2058 


35.786 


4* 


14.1372 


15.904 


6.. 


21.5984 


37.122 


4A 


14.3335 


16.349 


7 


21.9911 


38.485 


4* 


14.5299 


16.800 


7i 


223838 


39871 


4H 


U.7262 


17.257 


7i 


227765 


41.282 


4} 


14.9226 


17.721 


7» 


23.1692 


42718 


4H 


15.1189 


18.190 


7i 


235619 


44.179 


*i 


16.3153 


18.665 


H 


23.9546 


45.664 


Mt 


15.5116 


19.147 


7f 


24.3473 


47173 


6 


15.7080 


19.635 


7i 


24.7400 


48.707 


6A 


15.9043 


20.129 


8 


25.1327 


50.265 


H 


16.1007 


20.629 


8 


26.5224 


51.849 


5A 


16.2970 


21.135 


8 


25.9181 


63.456 


51 


16.4934 


21.648 


8 


26.3108 


55.088 


5A 


16.6897 


22166 


8 


26.7035 


56.745 


5» 


16.8861 


22691 


8 


27.0962 


58.426 


6A 


17.0824 


23.221 


8 


27 4889 


60.132 


5J 


17.2788 


23.758 


8, 


27.8816 


61 862 


SA 


17.4751 


24301 


9 


28 2743 


63.617 


68 


17.6715 


24.850 


n 


28.6670 


65.397 


5)i 


17.8678 


2.^406 


91 


29.0597 


67.201 


5} 


18.0642 


2,5.967 


n 


29.4524 


69.029 


6« 


18.2605 


26.535 


9i 


298451 


70.882 
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AREAS AND CIRCUMFERENCES OF 
CI RC LES— continued 




H 
9| 

9| 
10 

10 

10 

10} 

lOf 

10* 

10} 



} 



30.2378 
80.6305 

31.0283 
31.4159 
31.8086 
32.2013 
32.5940 
32.9867 
33.3794 
33.7721 



13 



72.760 
74.662 
76 589 
78.540 
80.516 
82.516 
84.541 
86.590 
88.664 
90.763 



s 



u 




0} 

1 

H 
U 
H 

H 

U 

2 



34.1648 
345576 
34.9502 
35.3429 
35.7356 
36.1283 
36.5210 

36.9137 
37.3064 
37.6991 



(J 



92.886 
95.033 
97.205 
99.402 
101.62 
103.87 
106.14 
108.43 
110.75 
113.10 



AMERICAN STEAM, WATER, AND 
GAS PIPES 





Actual Ouuidc 


AAoiJ iHide 


Nunber ^ 


Sii. of Pip* 


DiaoKMr 




ntnOM par tak 


Incbn 


tach« 


lncbt. 


(rfS^r 


i 


0.405 


0.270 


27 


i 


0.54 


0.364 


18 


i 


0.675 


0494 


18 


i 


0.84 


0.623 




J 


1.05 


0.824 




1 


1.315 


1.048 




11 


1.66 


1.380 




H 


1.9 


1.611 




2 


2.375 


2067 




2* 


2.875 


2.468 




3 


3.5 


3.067 




3} 


i^ 


3.548 




4 


4.5 


4.026 




4J 


5 


4.508 






5.563 


6.045 




6 


6.625 


6.065 




7 


7.623 


7.023 




8 


8.625 


7.982 
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Table of Decimal Equivalents 

OF 

Sthsy i6ibs, 32dsy and 64tiis of an Inch* 



« .125 

- .250 

- -375 
= .500 

- .625 

- .750 

- -875 

0625 

1875 
3125 

4375 
5625 

6875 
8125 

9375 



A- 
A- 

H- 



32ds. 



A- 
A' 
A' 



.03125 

•09375 
.15625 

.21875 



A= 


.28125 


H- . 


34375 


H- 


.40625 


M- . 


.46875 


H- 


.53125 


H-. 


•59375 


fi- 


65625 


!!- 


71875 


H= 


,78125 


H- ■ 


.84375 


If- 


,90625 


H-. 


.96875 


61 


tliS. 


A-. 


.015625 


A- 


.046875 



A- 

•a- 

A- 

il- 



.078125 

• 109375 
.140625 

•I 71875 

.203125 

•234375 
.265625 



if 

H- 

il 
H' 
H 



296875 
328125 

359375 
390625 

421875 

453125 
484375 
515625 
546875 
578125 

609375 
640625 

671875 
703125 

734375 
765625 

796875 
828125 

859375 
890625 

921875 
953125 
984375 
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Table of Decimal Equivalents 

OF 

Millimeters and Fractions of Millimeters* 



Mm. inches. 



^= 



.00079 
.00157 
.00236 
.00315 
•00394 
.00472 
.00551 
.00630 
.00709 
.00787 
.00866 
.00945 
.01024 
.01102 
.01 181 
.01260 

•Of 339 
.01417 

.01496 

•01575 

.01654 
.01732 

.01811 
.01890 
.01969 

10 mm.' 

10 cm. : 

10 dm. = 

■25.4inm.: 



Mm. 


inches. 


«8= 


.02047 


U^ 


.02 [ 26 


n= 


.02205 


n= 


.02283 


i«= 


.02362 


u- 


.02441 


u= 


.02520 


H= 


.02598 


u= 


.02677 


n= 


.02756 


u= 


.02835 


H= 


.02913 


u- 


.02992 


i*= 


.03071 


H= 


.03150 


u- 


.03228 


H- 


.03307 


u- 


.03386 


u- 


•03465 


n== 


03543 


M- 


.03622 


u- 


.03701 


n- 


.03780 


H= 


.03858 


1 = 


•03937 



mm. inches. 



2 = 

3= 
4= 

5= 
6= 

7= 
8= 

9= 
10= 

11 = 

12= 

13= 
14= 

15= 
16= 

17= 

r8= 

19= 

20= 

21 = 

22= 

23= 
24= 

25= 



.07874 
.11811 

•15748 
.19685 
.23622 

•27559 
.31496 

•35433 
•39370 

•43307 
•47244 
•5n8i 

•55"8 

•59055 
.62992 

.66929 

.70866 

.74803 

• 78740 
.82677 
.86614 

•90,551 
.94488 

.98425 



26=1.02362 



■I Centimeter= 
I Decimeter = 
'I Meter = 

:i English Inch. 



0-3937 inches. 

3-937 

39-37 



(( 



«t 
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Tap Drills* 

For Taps }i to 2 Inches. 



Dlam. 
of Tap 


No. Threads to Inch. 


Drill for V Thread. 


H 


t6 18 20 


A A U 


A 


16 18 ao 


AMU 


fi 


16 18 


A U 


16 18 


a a 


H 


14 16 18 


^ A A 


:U 


14 16 t8 


if H H 


A 


14 16 


U ii 


11 


14 16 


II H 


M 


13 13 14 


^ « il 


U 


13 13 M 


ii K il 


A 


li 14 


/« U 


il 


13 14 


M il 


H 


10 II 12 


a a a 


H 


10 II 13 


a ii II 


U 


II 13 


A A 


H 


II 12 


ii u 


K 


10 II 13 


H H H 


H 


lb II l» 


HUH 


U 


10 


31 


H 


10 


H 




» 


9 10 


u il 




il 


9 10 


ti H 




H 


9 


1) 




u 


9 


» -^ 




t 


8 


li 




lA 


8 


li 




iH 


7 8 


1! II 




lA 


7 8 


II » 




iK 


7 


lA 




lA 


7 


• A 




»H 


6 


ij< 




>H 


6 


lA 


\. 


iX 


6 


iH 


m 


lU 


6 


lA 


• 


iH 


5 5« • • 


lA lA 


• 


>H 


5 5« . 


lA iH 


• 


iK 


5 


iH 


• 


•M 


5 


jA 




IK 


4ii S 


lU lU 


• 


iH 


4ii 5 


•A lA 




a 


4X 


«il 

• 


« 
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SHOPS, 



I 

3 

3 

4 
5 

6 

I 

9 
lo 

II 

12 

13 

15 
i6 

;^ 

X9 



AmjsriCan or Brown & Sharpr 
Twist Diill and Steel Wire Gauge. 



No. Dia. 



.2280 
.2210 
.2130 
.2090 

•2055 

.2040 
.2010 
.1990 
.i960 

•1935 

.1910 
.1890 
.1850 
.1820 
.1800 

.1770 
.1730 
.1695 
.1660 
.i6fo 



No. 



31 
22 

23 
24 

25 

26 

27 
28 

29 
30 

31 
32 

33 
34 
35 

36 

37 
38 

39 
40 



Dia. 



•1590 
.1570 
.1540 
.1520 

•1495 

•1470 
.1440 

.1405 
.1360 
.1285 

.1200 
.1160 
.1130 
.1110 
.1x00 

•1065 
.1040 
• 1015 

•0995 
.0980 




No. 



61 
62 

63 
64 
65 

66 

67 
68 

69 
70 

71 
72 
73 
74 
75 

76 
77 
78 
79 



.0390 

.03S0 

.o3ro 

.0360 
•ozso 

0330 

.0320 
-Q3I0 

.02925 

.0280 

.0260 
.0250 
.0240 
.0225 
.0210 

.0200 

.0180 
.0x60 

.0x45 
•0135 



Table of Averas^e Cutting Speed for Drills. 



Dia. 
Drill 



Speed 


Speed 
Cast 


Speed 


Dia. 
Drill 


Speed 


Speed 
Cast 


Mach. 


for 


Mach. 


Steel 


Iron 


Brass 


Steel 


Iron 


iR^ 


2430* 


3640 


• A 


81 


114 


89A 


1200 


1820 


t'A 


76 


105 


589 


790 


1200 


ii^ 


70 


98 


433 


«5 


888 


15I 


65 


92 


343 


462 


705 


lA 


61 


86 


280 


379 


585 


iH 


57 


8x 


237 


320 


495 


IS 


53 


76 


204 


277 


430 


50 


71 


178 


242 


379 


'f^ 


47 


67 


157 


215 


338 


ik 


44 


^J 


142 


193 


305 


lU 


41 


60 


127 


174 


277 


iK 


39 


57 


ti5 


158 


353 


Hi 


36 


54 


IQ5 


145 


^33 


iH 


34 


51 


2^ 


133 


216 


iH 


32 


48 


89 


123 


200 


2 


30 


46 



Speed 

for 

Brass 

186 

164 
154 

145 

137 

130 
124 

118 
112 

ro7 
102 

97 



86 
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Wife Gauge Used in the United States* 

Dimensions of Sizes in Decimal Parts of an Inch. 



dumber 


American 


"Birming- 


Washburn 


Number 


of Wire 


or 


ham 


& Moen 


of Wire 


Gauge. 


B. & S. 


or Stub's. 


Mfg. Co. 


Gauge.. 




• • m • 4 • 


.... ' .46 

1 ^<. 




oooooo 


oooooo 


ooooo 


• «•■•• 


.... .43 


ooooo 


oooo 


.416 


•454 


•393 


0000 


coo 


.40964 


•^25 


.362 


000 


00 


.3648 


.38 


•331 


00 


o 


.32486 


•34 


•307 





I 


.2893 


•3„ 


.283 


I 


a 


•25763 


.284 


.263 


2 


3 


.22942 


.259 


.244 


3 


4 


.20431 


.238 


.225 


4 


5 


.18194 


.22 


.207 


5 


6 


.16202 


.203 


.192 


6 


2 


.14428 
.12849 


.18 
.165 


.177 
.162 


7 
8 


9 


•"443 
.10189 


.148 


.14S 


9 


10 


•134 


.135 


10 


II. 

12 


:Sm 


.12 
.109 


.12 

.105 


II 
12 


13 


.071961 


•°?5 


:S' 


13 


M 


.064084 


.083 


14 


15 


.057068 


.072 


.072 


'5 


i6 


.QS082 


.o(« 


063 


16 


'7 


•<H5257 


058 


054 


17 


i8 


.040303 


049 


.047 


18 


»9 


•93589 


.042 .041 


19 


30 


.031961 


.035 1 035 


20 


21 


.028462 


•032 032 


21 


22 


•025347 


.028 1 .028 


22 


»3 


.022571 


.025 .025 


23 


24 


.0201 


.022 .023 


24 


^ 


.0179 
•0x594 


.02 .02 
.018 .018 


^ 


27 


.014195 


.016 .017 


2 


38 


.012641 


.014 


.016 


a8 


29 


.011257 


.013 


.015 


29 


30 
31 
32 

33 


.01002^ 


.012 
.01 


.014 
.013.S 


30 
31 


.0079; 
,00708 


:^ 


.013 
.oil 


32 

33 


34 


.006304 


.007 


.01 


34 


35 


.005614 


.«« 


.0095 


S 


36 


.005 


.004 


.0^5 
.ooB 


36 


^2 


.004453 
.003965 


• • • • 
« • • • 


^ 


39 


•003531 


• • • • 


•0075 


39 


40 


•OQ3M4 


• • • • 


•007 


40 



( ( tt 

tt i( 

1 1 t< 

( ( n 

t i tt 

II t ( 



INDEX 

PAGE 

Air Pump, general repairs 310 

* * * * points in repairing 329 

'* ** Duplex, No. 2 299 

" " eight inch. Illus 290 

" " nine and one-half inch. Illus 287 

*' " repairs 285 

air cylinder 315, 319 

assembling 318 

center piece 315, 326 

pistons and piston rod 316 

steam cylinder 318, 326 

steam head 326 

top head 311 

Boiler, outside fire box sheet -. 653 

' * smoke box sheet 65^ 

* * throat sheet 663 

' * washing system 665a 

* * work, laying out 635 

Brake Valve repairs 336 

" " " feed valve attachment 344 

Cars, care of 40 

" repairs of 44 

Cylinders, fitting up 73 

Driving Box,Bra8s Markel removable. Illus 121 

" fitting up 113 

Engine, Internal Combustion, compression 413 

^ " " ignition 414 

" " " repairs 419 

" " " troubles 409 

" Trucks, erecting 244 

Frame, front 56 

main 58 

Frames, setting 66 

liners 64 

pads 64 

" " pedestal binders 66 

Gasket, check valve case 373 

Gear cutting '. 607 

" wheels 608 

Graduating stem and nut 368 

valve 364 

Guide gauge 153 

(697) 



698 INDEX 

Guidee, hanjriog or lining IS 

Injector, failurefi of 230 

lined up 255 

Nathan "Monitor" (Sectional view). lUus 257 

Injectors 2« 

" boiler check stuck 255 

" classes of 250 

" leaky suction pipe 252, 254 

" loose or worn tuoes 256 

" obstruction in the tubes 253, 256 

" suction pipe stopped up 252 

" w»ter in suction pipe too hot 2^ 

Laboratory. lUw 47, 49 

Uthe Work 423 

" " chuck and face plate work 456 

" " cutting screw threads in the lathe 472 

speeds and feeds 488 

speeds, table 491 

making fits 493 



It H it 

tt tt n 
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" " plain <^lindrical, turning 442 

" " turning taper woric 444 



tt 
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tt 
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Locomotives, care of 8 

" repairs of 17 

Machine Work, lathe work 423 

" milling machine woric 564 

" planer and shaper work 495 

" slotting machine work 544 

" sometmng about gear cutting 607 

Micrometer Boring Tool 665€ 

Milling Machine, universal 566 

" work 564 

Milling Machines, forms of 566 

New York Pump No. 2, repairing test of 333 

" ** No. 5, repairing test of 333 

" Pumps, pump pounds 307 

OflSce and Laboratory. Illus 47, 49 

Oxy- Acetylene Welding 665fc 

Pipe Pitting 265 

Piston, emergency 370 

* ' packing rings 365 

Planer and Shaper Work 495 

" Work, errors in 532 

Planing Mill, end elevation. Illtu 33 

* * * * section. Illus 33 

" *' side elevation, car department. Illus 31 

Pump dances or short strokes, Westinghouse 307 

*' defects 30$ 

** down-stroke, diagram of the cross-compound 297 

" has unennal stroke, Westinghouse 305 

' * lame, New York 309 
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PAOB 

lump runs hot or does not pump up pressure rapidly when 

run at proper speed, New York 308 

runs hot or does not piunp up pressure rapidly when run 

at proper speed. Westinghouse 304 

runs too slow. New Yoric 309 

runs too slow. Westinghouse 305 

stops. New York 309 

stops. Westinghouse 306 

Up Stroke, diagram of the cross-compound, lllus 295 

Repairing, points in. Air Pump 329 

Repair Shed for Frdght Cars, end elevation. lUus 30 

" " " " longitudinal section. lUus 27 

Rods, fitting up 164 

Shoes and Wedges, laying out 81 

" " " "square centers" located 84 

Shop, Blacksmith, cross section. lUu8 38 

' " end elevation, car department. lllus 36 

side elevation, car department. lUus 35 

12 



• c 



€t 



tl 



<< 
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Shop, car repair. lUus 

erecting, cross section, locomotive department. IUtas. 



l€ 
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17 
16 
15 
26 
26 
23 



end elevation, locomotive department. lUus . . 

side elevation, locomotive department. lUv^ . 

Passenger and freight car repair, end elevation. lllus. . 

" " " " " section elevation /^us 

" " " " " side elevation. lUus . 

" Car Paint,side elevation. lllus 39 

" " " end elevation. lllus 41 

Tin and copper, side elevation. lllus 22 

Work, Erecting, air pump repairs 285 

brake valve repairs 336 

cleaning and repairing triple valves. . . . 353 

erecting engine trucks 244 

fitting up cylinders 73 

fitting up driving boxes 113 

fitting up rods 164 

fitting up valve gear 123 

hanging or lining guides 152 

injectors 249 

internal combustion engines 381 

laying out boiler work 635 

laying out shoes and wedges 81 

pipe fitting 265 

setting frames 56 

setting valves 183 

spring rigging 99 

Walschaert valve gear 236 

tables 669-695 
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Shopt and Roundhoiues, care aad repairs of JocumoU ve a and 



Shops, BoOer, Tin, Flue, Wood and Bladanziitli, end devatioD, 

looomotive department. IUu8 ^' 

Shops, Boiler, Tin, Flue, Wood and Blacksmith, aection, loco- 
motive department. IUub " 

Shops, Boiler, Tin, Flue, Wood and Blacksmitii, side elevation. 

looomotive department. IUub *J 

Shops, locomotive repair, plan for. lUua 2. 

SUde Valve ^T. . 3fi 

Slotting llachine Woric 544 

;' " errors in 5g 

Spring Rigffing •^ 

" ** over-hung 25 

" under-hung 1^ 

Station, locomotive supply. lUru ^ 

Storehouse, end elevation, car department. . . lUus, ^ 

" cross section, car department. IHub j|f 

Tables r. 669^ 

Teeth, Gear-Wheeb, addendum 00» 

" base circle ®jj 

circular pitch ^ 

** cycloidal. ^^ 

" cycloidal odontograph-table ^j 

" dedendiun ^ 

" flank eg 

" involute 608 

" involute odontograph table £Jj 

" pitch point 009 

" root circle 009 

Valve, assembling ^ 

" onergency ^fh 

f aclnff machine ^*^ 

Gear, bushings *^ 

" eccentric rods 1^ 

" eccentric straps 147 

" " fitting up 123 

" " links 140 

" " reach rod 146 

" " reverse lever 144 
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rockers 134 

" tumbling shaft 143 

" " Walschaert 151 

seat, false 125 

American balanced 126 

check 372 

making repairs 360 

New Yoik triple 375 
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PAGE 



Valves, repair room cleaning, repairing and testing 357 

" Richardson 126 



€€ 



setting, 183 

" angle of advance 185 

'' center line of motion 185 

" exhaust clearance 183 

" lap 183 

" lead 184 

" throw of eccentric 184 

" travel of the valve 184 

testing repaired triple : 378 

triple, cleaning ana repairing 353 

Walschaert Valve Gear 236 

Westinghouse 8-inch pump, repairing test of 332 

9)-inch pimip, repairing test of 332 

11-inch pump, repairing test of 332 

pumps, pump pounds 303 
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The Science of Railways 

For the convenience of those interested particularly in certain 
lines of work, Kirkman's "Science of Railways" is div^ided and 
sold in groups, as follows: 

The price of these groups, and for the complete set, are spe- 
cially made to railway employes, and payment may be made on 
the monthly installment plan if desired. The books are botmd 
in half leather, and are a handsome addition to any library. 



arM» A, MOTIVE POWER DEPT.. 6 
V«l.. 2 PwifttlM. PriM. SSO^OO. 

LocomotlTO and Motive Power Depart 

ment 
BDfineere' and Firemen's Handbook. 
Locomotlre Appliances. 
Fnectrlcity Applied to Railways. 
Air Brake— Construction and Woridnf. 
Operating Trains. 
Portfolio of Ixicorootlres. 
Port/olio of Air Brake. 

firauv B. AGENTS AND OPERATORS, 
B Vol u met, 2 Portfollea. Prlee^ 
•25.00. 

Passenger Traffic and Aoeounta. 
Frelgbt Traffic and Accounts. 
CoIl<»ctlon of Revenue. 
Eloctrlrlty Applied to Raflwaja. 
Operating Trains. 
Portfolio of Locomotives. 
Portfolio of Air Brake. 

6r»ap C. OFFICES AND STATIONS. 9 
Vela., 2 PortfoiiM. Priee, $82.00. 

Orffanizatlon of Railways — ^Flnaacinf. 
PaMenger Traffic and Accounts. 
Freight Traffic and Accounts. 
Safeguarding Railway Gxpendlturea. 
(■eneral Accounts and Cash. 
Collection of Ilerenue. 
Railway Rates and Government Owiwr* 

ship. 
Haectricity Applied to Railways. 
Operating Trains. 
Portfolio of Tx>comotlve8.. 
Portfolio of Air Brake. 

finvp D. ROADWAY AND TRACK. 2 
Vols.. 1 Portfolio, Price, SlO.OiO. 

Building snd Repairing Railways. 
.^afofruarding Railway Expenditures. 
Portfolio of Locomotives. 

Qroap E, CAR SHOPS, 2 Volt.. 2 Port- 
folioa. Price. S15.00. 

Cars — Construction, Handling and Su- 
pervision. 
Air Brake — Construction and Woiking. 
Portfolio of Cars. 
Portfolio of Air Brake. 



Or«0p F. LOCOMOTIVE SHOPS. 4 
Vela.. 2 PartfellM. Pries, Sa04Wi 

Locomotive AppUaocea. 
Shops and Shop Practice. ToL -I. 
ShoQs and Shop Practioe. Vol. H. 
Air Brake— Ctxiatructkm and 
Portfolio of LoooraoUves. 
Portfolio of Air Brake. 

Graop 6. ROUNDHOUSE, 3 VMl. 2 
Portfolio, Prifl«» OIS-OOl 

Shops and Shop Practioe. VnL T. 
Shops and SI>'*o PracUoe. VoL n. 
Portfolio of 1 ->notiv«s. 
Portfolio of Air v ~ake. 

Srpap H. TRAIN MEN. 3 V«li^ 2 PM- 
feliea. Price. 018.00. 

Operating Trains. 

Cars — Construction. HandUac and 8tt 

perrislon. 
Air Brake— Constnictlon and WoifclBS. 
Portfolio of Can. 
Portfolio of Air Brake. 

Group I. Foil Set IT Veto.. 3 P«t- 
felioa. Prioe, 049.00. 

Locomotive and Motive Power Denait- 

ment. 
Engineers' and Flronen's Handbook. 
Locomotive Awliances. 
Electricity Applied to Railways. 
Cam — Cotntnictlon, Handling and Sa- 

perrislon. 
Air Brake — Construction and Wotklag. 
Operating Trains. 
Collection of Revenue. 
Building and Repairing Railways. 
Organization of Railways — FinaiKlQi. 
Passenger Traffic and Accounts. 
Freight Traffic and Accounts. 
Safeguarding Railway Kxnenditarea 
General Accounts and Cash. 
Railway Rates and GoTemnient Owoar- 

shlp. 
Shops and Shop Practioe. VoL L 
Shops and Shop Practice. A*oL XL 
Portfolio of Locomotives. 
Portfolio of Cars. 
Portfolio of Air 
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